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TITLE: Injectable implants for tissue augmentation and restoration 

CLAIMS: 

8. The method of claim 4 wherein said second peptide unit comprises a cell attachment sequence selected from 
the group consisting of Type-Ill domains of fibronectin. vitronectin, tenascin, titin and other related cell 
attachment proteins. 
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^It^'l^ ™ R ; 32 C !" S retr0Cted the,> pr ° CeSSeS and ma "y ce,ls lifted the dish yielding fewer 
ce s after 2 days of mcubation. No effect was observed with control antibodies. Thus, the neurite growth 
d.ff erent.at.on and surv.va. induced by the carbonic anhydrase-like domain of RPTP.be a is mediated by 
contactin present in the neurons. meaiaTea Dy 

Other Reference Publication (9): 
Other Reference Publication (11): 

m"rT,!!L f ' T " E ^ '" 3 - **° K * ^proteins with immunoglobulin- ond fibronectin ty^> 



Other Reference Publicatinn (52): 

Norenbero, U H. Willie, J. M. Wolff, ft. Frank, ond F. 6. ftothjen. 1992. H« chicken neurol extracellular 
met™ molecule restnethn: similarity with E6F-, f ibronectin type III, and f ibrinogen-like mo ^Neuron ( 

CLAIMS: 

1. A method for screening a test compound for the ability to alter the effects of the carbonic anhydrase 
domain of receptor-type phosphatase.beta. on neuronal cells, which comprises: * 

(a) growing neuronal cells expressing contactin in the presence of the carbonic anhydrase domain of 

221! ^ °? " PPeSenCe " ° bSenCe ° f ° teSt coffi P°- d «" -luT^Tw erein in the 
absence of said test compound, said contactin and carbonic anhydrase domain bind; 

(b) detecting a contactin-mediated characteristic of the neuronal cells, said characteristic selected from the 
group consisting of cel. adhesion, outgrowth, differentiation, survival, and neurite exfe^on cZ 

(c) comparing the characteristics detected in step (b) when the cells are exposed to the test compound with 
when the ce.ls are not exposed to the test compound, wherein if the test compound enhances mZcs or 
.nhibrts a contactin-mediated characteristic, then the test compound a.ters the ef f ects o The a ban c 
anhydrase domain of receptor-type phosphatase.beta.. carbonic 

^.^J^^ 1 ^ Carb0m ' C ^-^cin of receptor-type phosphatase.beta. is coated 

com^Tef ^ * *** ' " Cla ' m * ^ «~ ' S a ^ or *• method further 

(a) binding and covalently linking the test compound to the contactin to form a conjugate: 

(b) affinity purifying the conjugate : 

(c) cleaving the con jugate to reform the test compound and contactin; and 

(d) determining the amino acid sequence of the test compound. 
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** Sec image for Certificate of Correction ** 

TITLE: Methods and compositions for the specific coagulation of vasculature 
DATE-ISSUED: July 25, 2000 

INVENTOR-INFORMATION: 
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Thorpe; Philip E. Dallas TX 

Edgington; Thomas S. La Jo I la CA 
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530 / 387.9 . 530 / 388.1 , 530 / 388,22 , 530 / 388.85 . 530 / 391.7 . 530 / 391.9 



What is claimed is: s ^ 

?s - 

\ 

1. A binding ligand comprising: * 

\ 

(a) a first binding region that binds to a component expressed, accessible to 
binding or localized on the surface of a tumor cell, intratumoral vasculature or 
tumor stroma; the first binding region operatively linked to* 

(b) a coagulation factor or a second binding region that binds to a coagulation 
factor; wherein said second binding region comprises an antibody or an antigen 
binding region of an antibody. 

2. The binding ligand of claim 1, wherein said first binding region comprises an 
IgG antibody or an IgM antibody. 

3. The binding ligand of claim l, wherein said first binding region comprises an 
antigen binding region of an antibody. 

4. The binding ligand of claim 3, wherein said first binding region comprises an 
scFv, Fv, Fab', Fab or F(ab').sub.2 fragment of an antibody. 

5. The binding ligand of claim 3, wherein said first binding region comprises an 
antigen binding region of an antibody that binds to a cell surface antigen of a 
tumor cell . 
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6. The binding ligand of claim 5, wherein said first binding region comprises an 
antigen binding region of an antibody that binds to the cell surface tumor 
antigen pi 8 5 . sup . HER2 , milk mucin core protein, TAG-72, Lewis a, carcinoembryonic 
antigen (CEA) or a tumor-associated antigen that binds to an antibody selected 
frin the group consisting of B3 (ATCC HB10573) , KSl/4 (NRRL B/18536 and NRRL 
B/18537), 260F9 (ATCC HB 8488) and D612 (ATCC HB 9796). 

7. The binding ligand of claim 3, wherein said first binding region comprises an 
antigen binding region of an antibody that binds to a component expressed, 
accessible to binding or localized on the surface of intratumoral vasculature. 

8. The binding ligand of claim 7, wherein said first binding region comprises an 
antigen binding region of an antibody that binds to an intratumoral vasculature 
cell surface receptor. 

9. The binding ligand of claim 8, wherein said first binding region comprises an 
antigen binding region of an antibody that binds to an MHC Class II protein, a 
VEGF/VPF receptor, an FGF receptor, a TGF.beta. receptor, a TIE, VCAM-1, 
P-selectin, E-selectin, . alpha sub .v .beta.. sub. 3 integrin, pleiotropin, 
endosialin or endoglin. 

10. The binding ligand of claim 9, wherein said first binding region comprises an 
antigen binding region of an antibody that binds to endoglin. 

11. The binding ligand of claim 10, wherein said first binding region comprises 
an antigen binding region of an antibody that binds to the same epitope as the 
monoclonal antibody TEC-4 (ATCC HB-12312) or the monoclonal antibody TEC-11 (ATCC 
HB-12311) . 



12 . The 


binding 


ligand 


of 


antigen 


binding 


region 


of 


13 . The 


binding 


ligand 


of 


antigen 


binding 


region 


of 


14 . The 


binding 


ligand 


of 


antigen 


binding 


region 


of 


15. The 


binding 


ligand 


of 


antigen 


binding 


region 


of 


16. The 


binding 


ligand 


of 


antigen 


binding 


region 


of 



that binds to an intratumoral vasculature cell surface receptor. 

17. The binding ligand of claim 16, wherein said first binding region comprises 
an antigen binding region of an antibody that binds to FGF, TGF.beta., a ligand 
that binds to a TIE, a tumor-associated f ibronectin isoform, scatter factor, 
hepatocyte growth factor (HGF) , platelet factor 4 (PF4) , PDGF or TIMP. 

18. The binding ligand of claim 17, wherein said first binding region comprises 
an antigen binding region of an antibody that binds to FGF, TGF.beta., a ligand 
that binds to a TIE or a tumor-associated f ibronectin isoform. 

19. The binding ligand of claim 16, wherein said first binding region comprises 
an antigen binding region of an antibody that binds to the same epitope as the 
monoclonal antibody GV97 (ATCC HB- 12451) . 

20. The binding ligand of claim 16, wherein said first binding region comprises 
an antigen binding region of an antibody that binds to the same epitope as the 
monoclonal antibody GV39 (ATCC HB-12450) . 

21. The binding ligand of claim 7, wherein said first binding region comprises an 
antigen binding region of an antibody that binds to an inducible intratumoral 
vasculature component . 



2 of 8 



9/2/03 8:01 AM 



Record Display Form 



hnp://westbrs:8002/birv'o^te.ex^^ 



22. The binding ligand of claim 21, wherein said first binding region comprises 
an antigen binding region of an antibody that binds to an intratumoral 
vasculature component inducible by a coagulant . 

23. The binding ligand of claim 22, wherein said first binding region comprises 
an antigen binding region of an antibody that binds to an intratunoral 
vasculature component inducible by thrombin. 

24. The binding ligand of claim 23, wherein said first binding region comprises 
an antigen binding region of an antibody that binds to P-selectin, E-selectin, 
PDGF or ICAM-1. 



25. The binding ligand of claim 21, wherein said first binding region comprises 
an antigen binding region of an antibody that binds to an intratumoral 
vasculature component inducible by a cytokine. 

26. The binding ligand of claim 25, wherein said first binding region comprises 
an antigen binding region of an antibody that binds to an intratumoral 
vasculature component inducible by a cytokine released by monocytes, macrophages, 
mast cells, helper T cells, CD8-positive T-cells or NK cells. 

27. The binding ligand of claim 25, wherein said first binding region comprises 
an antigen binding region of an antibody that binds to an intratumoral 
vasculature component inducible by the cytokine IL-1, IL-4, TNF-. alpha., 
TNF-.beta. or IFN-. gamma.. 

28. The binding ligand of claim 25, wherein said first binding region comprises 
an antigen binding region of an antibody that binds to E-selectin, VCAM-1, 
ICAM-1, endoglin or an MHC Class II antigen. 

29. The binding ligand of claim 28, wherein said first binding region comprises 
an antigen binding region of an antibody that binds to E-selectin. 

30. The binding ligand of claim 28, wherein said first binding region comprises 
an antigen binding region of an antibody that binds to an MHC Class II antigen. 

31. The binding ligand of claim 28, wherein said first binding region comprises 
an antigen binding region of an antibody that binds to VCAM-1. 

32. The binding ligand of claim 7, wherein said first binding region comprises an 
antigen binding region of an antibody that binds to a ligand : receptor complex or 
a growth factor : receptor complex, but does not bind to the ligand or growth 
factor or to the receptor when the ligand or growth factor or the receptor is not 
in the ligand : receptor complex. 

33. The binding ligand of claim 32, wherein said first binding region comprises 
an antigen binding region of an antibody that binds to the same epitope as the 
monoclonal antibody GV97 (ATCC HB- 12451) . 

34. The binding ligand of claim 32, wherein said first binding region comprises 
an antigen binding region of an antibody that binds to the same epitope as the 
monoclonal antibody GV39 (ATCC HB-12450) . 

35. The binding ligand of claim 3, wherein said first binding region comprises an 
antigen binding region of an antibody that binds to a component of tumor stroma. 

36. The binding ligand of claim 35, wherein said first binding region comprises 
an antigen binding region of an antibody that binds to tenascin. 

37. The binding ligand of claim 35, wherein said first binding region comprises 
an antigen binding region of an antibody that binds to a basement membrane 
component . 

38. The binding ligand of claim 35, wherein said first binding region comprises 
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an antigen binding region of an antibody that binds to an activated platelet. 

39. The binding ligand of claim 35, wherein said first binding region comprises 
an antigen binding region of an antibody that binds to an inducible tumor stroma 
component . 

40. The binding ligand of claim 39, wherein said first binding region comprises 
an antigen binding region of an antibody that binds to a tumor stroma component 
inducible by a coagulant . 

41. The binding ligand of claim 40, wherein said first binding region comprises 
an antigen binding region of an antibody that binds to a tumor stroma component 
inducible by thrombin. 

42. The binding ligand of claim 41, wherein said first binding region comprises 
an antigen binding region of an antibody that binds to RIBS. 

43. The binding ligand of claim 1, wherein said first binding region comprises a 
ligand or receptor that binds to a component expressed, accessible to binding or 
localized on the surface of a tumor cell or intratumoral vasculature. 



44. The binding ligand of claim 43, wherein said first binding region comprises a 
ligand that binds to a tumor cell surface receptor or a soluble binding domain of 
a receptor that binds to a ligand that binds to a tumor cell surface molecule. 

45. The binding ligand of claim 43, wherein said first binding region comprises a 
ligand or receptor that binds to a component of intratumoral vasculature . 

46. The binding ligand of claim 45, wherein said first binding region comprises a 
ligand 'that binds to an intratumoral vasculature endothelial cell surface 
receptor . 

47. The binding ligand of claim 46, wherein said first binding region comprises 
VEGF/VPF, FGF, TGF.beta., a ligand that binds to a TIE, a tumor-associated 

f ibronectin isoform, scatter f actor/hepatocyte growth factor (HGF) , platelet 
factor 4 (PF4) , PDGF or TIMP. 

48. The binding ligand of claim 47, wherein said first binding region comprises 
VEGF/VPF . 

49. The binding ligand of claim 47, wherein said first binding region comprises 
FGF. 



50. The binding ligand of claim 45, wherein said first binding region comprises a 
soluble binding domain of a cell surface receptor that binds to a ligand that 
binds to an intratumoral vasculature endothelial cell surface receptor. 

51. The binding ligand of claim 50, wherein said first binding region comprises a 
soluble binding domain of a VEGF/VPF receptor. 

52. The binding ligand of claim 1, wherein said first binding region is 
operatively linked to a coagulation factor. 

53. The binding ligand of claim 52, wherein said first binding region is 
operatively linked to a Tissue Factor or a Tissue Factor derivative. 

54. The binding ligand of claim 53, wherein said first binding region is 
operatively linked to a mutant Tissue Factor deficient in the ability to activate 
Factor VII . 



55. The binding ligand of claim 54, wherein said first binding region is 
operatively linked to a Tissue Factor that includes a mutation in the amino acid 
region between about position 157 and about position 167. 

56. The binding ligand of claim 55, wherein said first binding region is 
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operatively linked to a mutant Tissue Factor wherein Trp at position 158 is 
changed to Arg; wherein Ser at position 162 is changed to Ala; wherein Gly at 
position 164 is changed to Ala; or wherein Trp at position 158 is changed to Arg 
• and Ser at position 162 is changed to Ala. 

57. The binding ligand of claim 53, wherein said first binding region is 
operatively linked to truncated Tissue Factor. 

58. The binding ligand of claim 57, wherein said first binding region is 
operatively linked to a truncated Tissue Factor that comprises amino acids 1 to 
about 219 of the mature Tissue Factor protein. 

59. The binding ligand of claim 57, wherein said first binding region is 
operatively linked to a truncated Tissue Factor that has the amino acid sequence 
of SEQ ID NO: 23. 

60. The binding ligand of claim 53, wherein said first binding region is 
operatively linked to a first Tissue Factor or derivative operatively linked to 
at least a second Tissue Factor or derivative. 

61. The binding ligand of claim 1, wherein said first binding region is 
operatively linked to a second binding region that binds to a coagulation factor, 
said second binding region comprising an antibody or an antigen binding region of 
an antibody. 

62. The binding ligand of claim 61, further comprising a coagulation factor bound 
to said second binding region. 

63. The binding ligand of claim 61, wherein said second binding region comprises 
an IgG antibody or an IgM antibody. 

64. The binding ligand of claim 61, wherein said second binding region comprises 
an antigen binding region of an antibody that binds to a coagulation factor. 

65. The binding ligand of claim 64, wherein said second binding region comprises 
an scFv, Fv, Fab', Fab or F(ab').sub.2 fragment of an antibody. 

66. The binding ligand of claim 61, wherein said second binding region comprises 
an antibody or an antigen binding region of an antibody that binds to Tissue 
Factor or a Tissue Factor derivative. 

67. The binding ligand of claim 66, wherein said second binding region comprises 
an antibody or an antigen binding region of an antibody that binds to a mutant 
Tissue Factor deficient in the ability to activate Factor VII. 

68. The binding ligand of claim 67, wherein said second binding region comprises 
an antibody or an antigen binding region of an antibody that binds to a mutant 
Tissue Factor that includes a mutation in the amino acid region between about 
position 157 and about position 167. 

69. The binding ligand of claim 68, wherein said second binding region comprises 
an antibody or an antigen binding region of an antibody that binds to a mutant 
Tissue Factor in which Trp at position 158 is changed to Arg; Ser at position 162 
is changed to Ala; Gly at position 164 is changed to Ala; or wherein Trp at 
position 158 is changed to Arg and Ser at position 162 is changed to Ala. 

70. The binding ligand of claim 66, wherein said second binding region comprises 
an antibody or an antigen binding region of an antibody that binds to truncated 
Tissue Factor. 

71. The binding ligand of claim 70, wherein said second binding region comprises 
an antibody or an antigen binding region of an antibody that binds to a truncated 
Tissue Factor that comprises amino acids 1 to about 219 of the mature Tissue 
Factor protein. 
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72. The binding ligand of claim 70, wherein said second binding region comprises 
an antibody or an antigen binding region of an antibody that binds to a truncated 
Tissue Factor that has the amino acid sequence of SEQ ID NO: 23. 

73. The binding ligand of claim 66, wherein said second binding region comprises 
an antibody or an antigen binding region of an antibody that binds to a first 
Tissue Factor or derivative operatively linked to at least a second Tissue Factor 
or derivative. 

74. The binding ligand of claim 1, wherein said binding ligand comprises the 
vitamin K-dependent coagulant Factor II/IIa, Factor VTI/VTIa, Factor 

IX/IXa or Factor X/Xa. 

75. The binding ligand of claim 74, wherein said binding ligand comprises a 
vitamin K-dependent coagulation factor lacking the Gla modification. 

76. The binding ligand of claim 75, wherein said vitamin K-dependent coagulation 
factor lacking the Gla modification is prepared by expressing a vitamin 
K-dependent coagulation factor-encoding gene in a procaryotic host cell. 

77. The binding ligand of claim 75, wherein said vitamin K-dependent coagulation 
factor lacking the Gla modification is prepared by treating the vitamin 
K-dependent coagulation factor protein to remove or alter the corresponding 
Glutamic acid residues. 

78. The binding ligand of claim 75, wherein said vitamin K-dependent coagulation 
factor lacking the Gla modification is prepared by preparing an engineered 
coagulation factor gene that encodes a vitamin K-dependent coagulation factor 
lacking the corresponding Glutamic acid residues and expressing said engineered 
gene in a recombinant host cell. 

79. The binding ligand of claim 1, wherein said binding ligand comprises 
Russell's viper venom Factor X activator. 

80. The binding ligand of claim 1, wherein said binding ligand comprises a 
platelet -activating compound. 

81. The binding ligand of claim 80, wherein said binding ligand comprises 
thromboxane A. sub. 2 or thromboxane A. sub. 2 synthase. 

82. The binding ligand of claim 1, wherein said binding ligand comprises an 
inhibitor of fibrinolysis. 

83. The binding ligand of claim 82, wherein said binding ligand comprises 
. alpha . 2 -antiplasmin . 

84. The binding ligand of claim 1, wherein said first binding region is 
operatively linked to said coagulation factor or said second binding region via a 
covalent bond or chemical cross - linker . 

85. The binding ligand of claim 84, wherein said first binding region is 
operatively linked to said coagulation factor or said second binding region via a 
biologically releasable bond. 

86. The binding ligand of claim 84, wherein said binding ligand is a fusion 
protein prepared by expressing a recombinant vector in a host cell, wherein the 
vector comprises, in the same reading frame, a DNA segment encoding said first 
binding region operatively linked to a DNA segment encoding said coagulation 
factor or second binding region. 

87. The binding ligand of claim 1, wherein said first binding region is 
operatively linked to said coagulation factor or said second binding region using 
an avidin:biotin combination. 
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88. The binding ligand of claim 1, further defined as a bispecific antibody, 
wherein said first and second binding regions are antibodies or antigen binding 
regions of antibodies. 

89. The binding ligand of claim 88, further defined as a bispecific antibody 
comprising a first antibody or antigen binding region that binds to an MHC Class 
II protein operatively linked to a second antibody or antigen binding region that 
binds to truncated Tissue Factor. 

90. The binding ligand of claim 1, comprising an engineered coagulation factor. 

91. The binding ligand of claim 1, dispersed in a pharmacologically acceptable 
carrier. 

92. A binding ligand comprising a first binding region that binds to a component 
expressed, accessible to binding or localized on the surface of intratumoral 
vasculature or stroma, the first binding region operatively linked to a coagulant 
or to an antibody, or antigen binding region thereof, that binds to a coagulant. 

93. A binding ligand comprising a first antibody, or antigen binding region 
thereof, that binds to a component expressed, accessible to binding or localized 
on the surface of intratumoral vasculature or stroma, wherein the first antibody 
or antigen binding region is operatively linked to a coagulant or to a second 
antibody, or antigen binding region thereof, th:at binds to a coagulant. 

94. A binding ligand comprising a first antibody, or antigen binding region 
thereof, that binds to a marker expressed, accessible to binding or localized on 
the cell surface of intratumoral blood vessels of a vascularized tumor, wherein 
the first antibody or antigen binding region is linked to a coagulant or to a 
second antibody, or antigen binding region thereof, that binds to a coagulant. 

95. A binding ligand comprising a first antibody, or antigen binding region 
thereof, that binds to a marker expressed or localized on the cell surface of' 
intratumoral blood vessels of a vascularized tumor, wherein the first antibody or 
antigen binding region is linked to a coagulant or to a second antibody, or 
antigen binding region thereof, that binds to a coagulant. 

96. A conjugate comprising a first antibody, or antigen binding portion thereof, 
that binds to a marker expressed or localized on the cell surface of intratumoral 
blood vessels of a vascularized tumor, wherein the first antibody or antigen 
binding portion is linked to a coagulant or to a second antibody, or antigen 
binding region thereof, that binds to a coagulant. 

97. A binding ligand comprising a first antibody, or antigen binding region 
thereof, that binds to a marker expressed or localized on the cell surface of 
intratumoral blood vessels of a vascularized tumor, wherein the first antibody or 
antigen binding region is linked to a coagulant or to a second antibody, or 
antigen binding region thereof, that binds to a coagulant, said binding ligand 
being effective to promote coagulation in intratumoral blood vessels upon 
administration to an animal having a vascularized tumor. 

98. The binding ligand of claim 97, wherein said first antibody, or antigen 
binding region thereof, is linked to a coagulant. 

99. The binding ligand of claim 97, wherein said first antibody, or antigen 
binding region thereof, is linked to a second antibody, or antigen binding region 
thereof, that binds to a coagulant. 

100. A binding ligand comprising a first binding region that binds to a component 
expressed, accessible to binding or localized on the surface of a tumor cell, 
established intratumoral vasculature or tumor stroma, the first binding region 
operatively linked to a coagulation factor or to an antibody, or antigen binding 
region thereof, that binds to a coagulation factor. 

101. A binding ligand comprising a first binding region that binds to a component 
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expressed, accessible to binding or localized on the surface of a tumor cell, 
tumor-associated vasculature or tumor stroma, the first binding region 
operatively linked to a coagulation factor or to an antibody, or antigen binding 
region thereof, that binds to a coagulation factor. 

102. A pharmaceutical composition comprising, in a pharmacologically acceptable 
form, a binding ligand that comprises: 

(a) A first binding region that binds to a component expressed, accessible to 
binding or localized on the surface of a tumor cell, intratumoral vasculature or 
tumor stroma; the first binding region operatively linked to 

(b) a coagulation factor or a second binding region that binds to a coagulation 
factor, wherein said second binding region comprises an antibody or an antigen 
binding region of an antibody. 

103. The pharmaceutical composition of claim 102, formulated for parenteral 
administration . 
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Fibronectins are multifunctional glycoproteins that are important 
components of the extracellular matrix in normal and fibrotic liver. 
Multiple fibronectin isoforms are generated from a single gene by 
alternative splicing of the primary transcript at the domains EIIIA, EIIIB 
, and V. The aim of this study was to investigate the fibronectin 
isoforms expressed by activated hepatic stellate cells, the most important 
connective tissue -producing cells in injured liver. Hepatocytes and skin 
fibroblasts were also studied for comparison. Activation of hepatic 
stellate cells in vivo was induced by injecting CC14 twice weekly for 3 
weeks. Activation in vitro was achieved by culturing cells on plastic. The 
level of activation was evaluated by alpha-smooth muscle actin 
immunocytochemistry . Steady-state levels of fibronectin isoform messenger 
RNA were examined by Northern hybridization analysis using specific cDNA 
probes for the EIIIA, EIIIB , and V domains. The de novo synthesis of 
fibronectin isoforms was examined by metabolic labelling and 

immunoprecipitation using domain-specific monoclonal antibodies 

Fibronectin transcripts were not detectable in freshly isolated hepatic 
stellate cells from normal liver. Cultured hepatic stellate cells, as well 
as skin fibroblasts, expressed EIIIA+, EIIIB +, and V95+ transcripts. They 
were detectable as early as day 3 and increased with time in culture. At 3 
days in culture, more than 90 per cent of stellate cells were alpha- smooth 
muscle actin-positive . In vivo activated hepatic stellate cells expressed 
EIIIA+ and V95+ transcripts; EIIIB + fibronectin mRNA was absent. Less 
than 20 per cent of in vivo activated stellate cells expressed alpha-smooth 
muscle actin. Freshly isolated parenchymal cells from normal liver as well 
as from CC14 -treated liver expressed V95+ transcripts, but were negative 
for EIIIA or EIIIB fibronectin mRNA. Immunoprecipitation results were 
in accordance with Northern hybridization analysis. Hepatic stellate cells 
in culture synthesized and secreted fibronectin molecules that contained 
EIIIA, EIIIB , and V fragments. Our results indicate that hepatic stellate 
cells synthesize and secrete fibronectin isoforms that are distinct from 
those of parenchymal cells. 
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Fibronectin has a complex pattern of alternative splicing at the 
pre-mRNA level leading to the expression of different isoforms. The 
alternatively spliced domains EIIIB and EIIIA are known to be prominently 
expressed during development and wound healing. While the other spliced 
domain (CS-segment) is known to promote cell adhesion in a cell type 
specific manner, the biological functions of the spliced domains EIIIB 
and EIIIA are not well understood. In the present study, we have prepared 
expression proteins of specific domains of human fibronectin using a 
prokaryotic expression system and used the purified fragments to test their 
ability to support adhesion and spreading of cultured cells. Fragments from 
t yp e _ HI domains #7 to #12 were prepared in various combinations to include 
or exclude the spliced domains EIIIB and EIIIA. The results indicate that 
cultured NIL fibroblasts adhere to many of the fragments tested. However, 
the cell adhesion and spreading are enhanced, especially at lower 
concentrations, to fragments including the domain EIIIB . The inclusion of 
domain EIIIA led to a decrease in the adhesion of cells and those that 
adhered did not spread well. When tested in a centrifugal cell adhesion 
assay, fragments including domain EIIIB resisted the detaching forces and 
stayed adhered. Fragments that included domain EIIIA were unable to resist 
the detaching centrifugal forces to the same extent as the fragments that 
included domain EIIIB alone. These results suggest that the spliced 
domain EIIIB may be serving important biological functions in enhancing 
cell adhesion and spreading. This is likely to be mediated by 
conformational effects because domain EIIIB alone neither exhibited any 
adhesive activity nor competed in inhibiting adhesion to fragments #7-10. 
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Fibronectin is a known chemoattractant for several cell types which 
play a role in the wound healing process, like fibroblasts, endothelial 
cells and macrophages. In addition, fibronectin generates a scaffold to 
which other extracellular matrix components can attach. The possible 
involvement of fibronectin in the wound healing process after myocardial 
infarction (MI) was investigated by studying the expression of fibronectin 
isoforms after induction of a MI in the rat. Deposition of plasma (pFN) 
and cellular fibronectin (cFN) protein was determined 

immunohistochemically, using monoclonal antibodies specific for cFN and 
polyclonal anti -human total FN (tFN antibodies ) . Expression of the mRNAs 
of total cFN and the embryonic isoforms EIIIA and EIIIB was investigated, 
using in situ hybridization (ISH) . The ratio between EIIIA containing 
fibronectin (EIIIA+-FN) mRNA and total cFN mRNA was determined using a 
semi -quantitative reverse transcription polymerase chain reaction (RT-PCR) . 
cFN protein was present from day 4 until day 3 5 after infarction and was 
located around the area of infarction, in the epi- and endomyocardium and 
in the wall of larger vessels. pFN was found in the infarcted 
cardiomyocytes 1 day after the induction of the MI. From day 4 on pFN 
protein deposition was found in the border zone of the infarction and in 
the wall of larger vessels. pFN immunoreactivity remained present at high 
levels around the area of infarction and in the vessel wall throughout the 
entire period of investigation (90 days) . From day 35 after the infarction 
pFN protein was detected in cardiomyocytes of the right ventricle and 
septum. cFN mRNA, determined by in situ hybridization, was present in the 
border zone of the infarcted area as early as 1 day after MI, and its 
expression peaked at 4 days after MI. Four days after MI the mRNA's coding 
for both the embryonic isoforms EIIIA and EIIIB could also be detected in 
the same area. Because expression of the EIIIA isoform was more abundant 
than the EIIIB isoform we only determined the percentage of the EIIIIA 
containing isoform from total FN. EIIIA+ mRNA was elevated 1 day after MI. 
We conclude that various fibronectin isoforms including the embryonic 
isoforms accumulate in the heart after MI. This suggests that these 
isoforms may play a role in the wound healing process in the left ventricle 
of the infarcted heart. Copyright 1997 Academic Press Limited. 
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Allograft rejection is associated with infiltration of inflammatory cells 
and deposition of extracellular matrix proteins. The extent to which 
diversity in the extracellular matrix regulates inflammatory cell function 
in transplants remains unclear. One group of extracellular matrix proteins, 
termed fibronectins (FNs) , exhibits inherent diversity as a consequence 
of alternative splicing in three segments: EIIIA, EIIIB , or V. Although 
the EIIIA segment has documented functions in mesenchymal cell 
differentiation, neither this segment nor the EIIIB segment have been 
tested for effects specific to leukocyte functions. By contrast, the V 
region can include the CS-1 segment to which leukocytes may adhere through 
alpha 4 beta 1 integrins. In this study, we demonstrate that EIIIA+, EIIIB 
+, and V+ FN variants are synthesized, primarily by macrophages in distinct 
temporal and spatial patterns in two rat cardiac transplant models: either 
with antigenic challenge, allografts, or without challenge, isografts. The 
ratio of EIIIA inclusion into FN increases by day 1 in allografts and 
isografts and remains high until allografts are rejected (approximately 7 
days) but falls to normal levels in tolerated isografts (day 6) . EIIIB + 
FN ratios in allografts peak later than do EIIIA+ FNs (day 4) . EIIIB + FN 
ratios remain relatively low in isografts. Interestingly, EIIIA+ and EIIIB 
+ FNs are deposited prominently in the myocardium of rejecting allografts 
in close association with infiltrating leukocytes, and FN expression and 
deposition are prominent at sites of infarction. By contrast, these FNs are 
largely restricted to the epicardium and to a lesser degree in the 
immediately adjacent myocardium in isografts. CS-1+ FNs increase in 
allografts and isografts at 3 hours after transplantation but are 
particularly prominent in allografts 1 to 3 days before rejection. Our data 
suggest that FN splicing variants have a differential role in the effector 
functions of leukocytes in allografts and isografts and provide a 
foundation for testing their function on leukocytes and a rationale for 
FN-based therapeutics to modulate allograft rejection in transplant 
recipients . 
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The alternatively spliced EIIIB , EIIIA, and V segments of fibronectin 
(FN) show widespread codistribution in the mouse embryo, suggesting that 
EIIIB +, EIIIA+, and V+ isoforms serve to facilitate morphogenesis and 
organogenesis (Peters, JH, and Hynes, RO, 1996, this issue) . To gain 
further clues to functions of these segments, we have used segment-specific 
anti-FN antibodies to perform immunofluorescence microscopy on tissue 
sections obtained from mice aged 9 to 15 weeks. Staining for each of the 
three spliced segments, relative to that for the total FN pool, was reduced 
in the adult as compared with the embryo. Anti-V antibodies produced 
patterns which were most similar to those obtained with anti-total FN 
antibodies , localizing to basement membranes, connective tissues 
subjacent to epithelia, walls of blood vessels, and cartilage. Anti-EIIIA 
antibodies produced the next most widespread pattern, which included 
prominent staining of the walls of blood vessels of all sizes, the lung 
interstitium, and smooth muscle associated with the gastrointestinal (GI) , 
genitourinary (GU) , and respiratory tracts. Although anti- EIIIB 
antibodies produced the faintest and most restricted pattern of staining, 
EIIIB + FN could be detected in the walls of some smaller blood vessels, 
smooth muscle of the GI, GU, and respiratory tracts, as well as within 
cartilaginous structures, and eye. There were quantitative and/or 
qualitative differences in the staining patterns produced by the three 
segment-specific antibodies in a variety of tissues, including liver, 
cartilage, synovium, cornea, muscle, peripheral nerve, and lymph node. 
These findings suggest that each of the spliced segments of the FN molecule 
may occupy unique physical or functional positions within the extracellular 
matrix of the adult mouse . 
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Fibronectins (FNs) are extracellular matrix glycoproteins that are 
essential for embryonic development. In order to gain clues to possible 
developmental roles played by the particular isoforms of FN, we used 
indirect immunofluorescence microscopy to examine and compare the 
distributions of the alternatively spliced EIIIB , EIIIA, and V segments, 
as well as the total pool of FNs, in serial sections from mouse embryos. 

Antibodies to each of these segments produced staining patterns that 
colocalized during gastrulation (E7.5) and during early morphogenesis of 
somites and notochord (E9.5). During the period of continuing organogenesis 
in the latter half of gestation (E10.5 to E16.5), the antibodies 
generally continued to produce similar staining patterns localized to 
epithelial basement membranes, stromal connective tissues, blood vessel 
walls, and muscles. However, as development proceeded, there was a gradual 
decline in the intensity of staining for the spliced segments relative to 
the total pool of FN, with a particularly noticeable decline in staining 
for EIIIB and EIIIA segments in certain glandular organs, including the 
liver. A specific reduction in expression of these latter two segments was 
also evident in the uterus and placenta at early timepoints in gestation. 
However, the most dramatic difference in the expression of the spliced 
segments occurred in developing hyaline cartilage, which showed a selective 
reduction in staining for the EIIIA segment that was evident in the axial 
skeletal precursors by E12.5 and complete throughout the embryo by E15.5. 
Our findings suggest that the alternatively spliced EIIIB , EIIIA, and V 
segments are included in the FN that is required for the morphogenesis of 
"FN dependent" structures, including somites, notochord, and the 
vasculature. Conversely, these segments would appear to play divergent, and 
sometimes exclusive, biological roles in specific tissues such as f liver, 
cartilage, and placenta. 
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Fibronectin : (FNs) comprise a family of adhesive glycoproteins that are 
prominent components of mesangial extracellular matrix and accumulate 
during glomerular injury. By alternative splicing of an unique mRNA 
precursor, various FN isoforms can be originated. In rat, three regions of 
the molecule are involved: EIIIA, EIIIB and V. Because specific FN 
isoforms are expressed in embryogenesis and wound healing, conditions 
characterized by cell migration and adhesion, we examined the pattern of FN 
isoforms in the mild and severe phases of a progressive immune complex 
proliferative nephritis in rats. We constructed specific probes to analyze 
the splicing pattern of FN pre-mRNAs by ribonuclease protection assays. FN 
mRNAs containing EIIIA, EIIIB and V regions increased along, the 
progression of nephritis, though the increment of EIIIB -FN mRNA was 
modest. However, different regulation of all these isoforms was observed. 
The percentage of FN mRNA containing the EIIIA exon versus total FN 
increased with the severity of the disease, while the percentage of FN mRNA 
containing the EIIIB exon decreased. Relative V-FN mRNA expression versus 
total FN mRNA increased only in the severe phase. By means of specific 
antibodies we also studied the presence of EIIIA, EIIIB and V-FN 
proteins in the kidney. In the normal glomerutus, EIIIA-FN protein was 
barely detectable in the mesangium, increasing in the mild phase of 
nephritis. In the severe phase of nephritis, increased EIIIA-FN was 
localized in the mesangium, in Bowman's capsule and in crescents. By 
contrast, EIIIB -FN protein in the glomerulus was absent even in the 
severe phase. V120-FN protein, an isoform that mediates the attachment of 
leukocytes through the VLA-4 integrin, was present in the mesangium and 
glomerular capillary loops in control animals, and increased in the severe 
phase of nephritis, coinciding with a strong leukocyte infiltration. In 
conclusion, our results show that during immune glomerular injury there 
were marked changes in the pattern- of FN isoforms expression. Since those 
isoforms, particularly V120 isoform, are important in cell adhesion and 
migration, their up-regulation may facilitate the recruitment of cells into 
the injured glomeruli. The blockade of the interaction between V120-FN and 
infiltrating leukocytes may represent a new approach to the treatment of 
nephritis . 
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Crescents are a severe and stereotyped glomerular response to injury that 
occur in several forms of glomerulonephritis that progress to renal 
failure. The key pathogenetic step that leads to glomerular scarring in 
unknown, but fibronectin (FN), the clotting system, macrophages, and 
proliferating parietal epithelial cells are known to participate. This 
study was designed to determine whether FN is synthesized locally, and in 
what molecular isoform, and whether cytokines known to promote FN synthesis 
are present in the crescent. Rats immunized with bovine glomerular basement 
membrane develop cellular crescents by 14 days and fibrous crescents and 
glomerulosclerosis by 35 days. In situ hybridization was performed with 
oligonucleotides specific for sequences common to all FN isoforms (total 
FN) or sequences specific for the alternatively spliced segments (EIIIA, 
EIIIB , and V). Throughout the time period (14, 21, and 35 days) all 
crescents and glomerular tufts contained cells with strong ISH signals for 
total and V+ mRNA, with the strongest signals present in large cellular 
crescents at day 21. In contrast, EIIIA+ and EIIIB + mRNAs showed maximal 
abundance within sclerosing crescents at 35 days. Protein deposition of 
EIIIA+, EIIIB +, and V+ FN isoforms was confirmed by immunofluorescence 
with segment-specific FN antibodies . Transforming growth factor-beta and 
interleukin-1 beta, both known to promote FN synthesis, were found in 
cellular crescents (days 14 and 21) and were still present, but greatly 
diminished, in the sclerotic phase (day 35). In summary, EIIIA- , EIIIB -, 
and V+ FN mRNA plasma isoforms predominate in cellular crescents, whereas 
in the fibrosing stage, mainly the oncofetal EIIIA+, EIIIB +, and V+ 
isoforms are synthesized and accumulate. 
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BACKGROUND: In previous studies we established that there are 
developmentally regulated increases in endothelial hyaluronan (HA) and 
heparan sulfate (HS) , and smooth muscle cell fibronectin (FN) related to 
the formation of intimal cushions, structures essential to the postnatal 
closure of the ductus arteriosus (DA) . In this report, we investigated the 
mechanisms underlying these features to ascertain whether they were 
independently or coordinately regulated. EXPERIMENTAL DESIGN: We determined 
by assessing HA polymer size and by pulse labeling with [3H] glucosamine 
whether the increased glycosaminoglycans (GAGs) incorporated in DA compared 
with aorta (Ao) endothelial cell matrices reflected increased synthesis of 
HA and HS rather than decreased degradation. We assessed whether 
transforming growth factor-beta (TGF-beta) may be responsible for the 
increased DA endothelial GAGs and smooth muscle FN production by confirming 
the presence of TGF-beta in DA tissue using immunohistochemistry and by 
assessing the effect of adding neutralizing antibodies to the cell 
cultures. We next determined whether the level of regulation of the 
increase in FN in DA smooth muscle cells was transcriptional or 
post-transcriptional by relating protein synthesis to steady state mRNA 
levels and to mRNA levels after serum stimulation. Using northern blot 
analyses with specific probes, we also explored the possibility that the FN 
produced by the DA and Ao was qualitatively different in the proportion of 
isoforms containing the V95+ region associated with secretion or the EIIIB 
+ region that has been related to migration. RESULTS: We observed that HA 
polymer size produced by DA and Ao endothelial cells was similar and we 
further verified using pulse labeling that the increase in DA compared with 
Ao endothelial GAGs reflected increased synthesis of HA and HS rather than 
decreased degradation. There was increased immunostaining for TGF-beta in 
DA compared with Ao tissue and we showed that TGF-beta neutralizing 
antibodies reduced synthesis of GAGs by the DA endothelial cells to the 
level of that seen in the Ao cells, but did not reduce DA smooth muscle 
cell FN synthesis. The increase in FN synthesis by DA compared to Ao smooth 
muscle cells was not associated with increased levels of steady-state mRNA 
for FN. Furthermore, following serum- stimulated increases in FN mRNA, the 
DA yielded greater amounts of FN protein compared to Ao smooth muscle 
cells. The increased FN production by the DA smooth muscle cells could not 
be attributed to a relative lack of degradation of FN protein or mRNA, or 
to qualitative differences which might influence secretion, as both cell 
types contained similar proportions of EIIIB + and V95+ isoforms of FN. 
CONCLUSIONS: These results would suggest that, in contrast to the TGF-beta 
dependent increase in DA endothelial GAG synthesis, the increase in DA 
smooth muscle FN synthesis arises through differences in 
post-transcriptional regulation that are likely independent of TGF-beta. 
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NMR structure of the human oncofoetal fibronectin ED-B domain, a specific 
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BACKGROUND: The process of angiogenesis (i.e. the formation of new blood 
vessels from pre-existing ones) is fundamental to physiological processes 
such as reproduction, development and repair, as well as to pathological 
conditions such as tumor progression, rheumathoid arthritis and ocular 
disorders. The oncofoetal ED-B domain, a specific marker of angiogenesis, 
consists of 91 amino acid residues that are inserted by alternative 
splicing into the fibronectin (FN) molecule. RESULTS: The NMR structure of 
the ED-B domain is reported and reveals important differences from other FN 
type III domains. A comparison of the ED-B domain with the crystal 
structure of a four-domain FN fragment shows the novel features of ED-B to 
be located in loop regions that are buried at interdomain interfaces, and 
which therefore largely determine the global shape of the FN molecule. The 
negatively charged amino acids in this highly acidic protein are uniformly 
distributed over the molecular surface, with the sole exception of a 
solvent -exposed hydrophobic patch that represents a potential specific 
recognition site. Epitope mapping with 82 decapeptides that span the ED-B 
sequence revealed that three ED-B-specif ic monoclonal antibodies, which 
selectively target newly forming blood vessels in tumor-bearing mice, bind 
to adjacent regions on the ED-B surface. CONCLUSIONS: The NMR structure 
enables the identification of a large surface area of the ED-B domain that 
appears to be accessible in vivo, opening up new diagnostic and therapeutic 
opportunities. Furthermore, the mapping of specific monoclonal antibodies 
to the three-dimensional structure of the ED-B domain, and their use in 
angiogenesis inhibition experiments, provides a basis for further 
investigation of the role of the ED-B domain in the formation of new blood 
vessels. 
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The oncofetal fibronectin (B-FN) isoform is present in vessels of 
neoplastic tissues during angiogenesis but not in mature vessels. B-FN 
could therefore provide a target for diagnostic imaging and therapy of 
cancer. Phage display libraries have been used to isolate human antibody 
fragments with pan-species recognition of this isoform. We describe the use 
of these fragments in nude mice to target an aggressive tumor (grafted F9 
murine teratocarcinoma) . Imaging in real time was done by infrared 
photodetection of a chemically coupled fluorophore. The targeting was 
improved by use of affinity-matured fragments with low kinetic dissociation 
rates (koff = 1.5 x 10 (-4) s-1) and also by engineering dimeric fragments 
via a C- terminal amphipathic helix. 
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Fibronectin Isoform Distribution in the Mouse 

II. Differential Distribution of the Alternatively Spliced EIIIB, EIIIA, and 

V Segments in the Adult Mouse 
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The alternatively spliced EIIIB, EIIIA, and V segments of fibronectin (FN) show widespread 
codistribution in the mouse embryo, suggesting that EIIIB + , EIIIA" 1 ", and V* isoforms serve 
to facilitate morphogenesis and organogenesis (Peters, JH, and Hynes, RO, 1996, this issue). 
To gain further clues to functions of these segments, we have used segment-specific anti-FN 
antibodies to perform immunofluorescence microscopy on tissue sections obtained from 
mice aged 9 to 15 weeks. Staining for each of the three spliced segments, relative to that for 
the total FN pool, was reduced in the adult as compared with the embryo. Anti-V antibodies 
produced patterns which were most similar to those obtained with anti-total FN antibodies, 
localizing to basement membranes, connective tissues subjacent to epithelia, walls of blood 
vessels, and cartilage. Anti-EIIIA antibodies produced the next most widespread pattern, 
which included prominent staining of the walls of blood vessels of all sizes; the lung inter- 
stitium, and smooth muscle associated with the gastrointestinal (GI), genitourinary (GU), 
and respiratory tracts. Although anti-EIIIB antibodies produced the faintest and most re- 
stricted pattern of staining, EIIIB"*" FN could be detected in the walls of some smaller blood 
vessels, smooth muscle of the GI, GU, and respiratory tracts, as well as within cartilaginous 
structures, and eye. There were quantitative and/or qualitative differences in the staining 
patterns produced by the three segment-specific antibodies in a variety of tissues, including 
liver, cartilage, synovium, cornea, muscle, peripheral nerve, and lymph node. These findings 
suggest that each of the spliced segments of the FN molecule may occupy unique physical or 
functional positions within the extracellular matrix of the adult mouse. 

Keywords: Fibronectin, Alternative Spicing. Extracellular Matrix, Development, Cartilage, Blood Ves- 
sels. Basement Membranes 
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INTRODUCTION 

Fibronectins (FNs) comprise a family of large adhe- 
sive glycoproteins that differ from one another on the 
basis of alternative splicing at three sites (reviewed by 
Hynes, 1990; and Mosher, 1989). Two of the sites con- 
form with type III structural repeats, and may be com- 
pletely included or excluded. These are referred to as 
extra type III repeats A (EIHA) and B (EfflB) in the 
rat, whereas they have been called extra domains A 
(EDA, also referred to as EDI) and B (EDB, also re- 
ferred to as ED2) in the human. The third site of splic- 
ing, which does not conform with any of the repeating 
modules of FN and is therefore called the variable or 
V region (IIICS in the human), is subject to total in- 
clusion, partial inclusion, or total exclusion (reviewed 
by Schwarzbauer, 1991; ffrench-Constant, 1995). 

FNs have been studied to a % greater extent than 
other currently recognized adhesion proteins, possi- 
bly owing to their ready isolation from blood plasma 
via affinity chromatography on immobilized gelatin. 
Research on such "plasma FN" has produced major 
insights into the mechanisms of cell adhesion, migra- 
tion, and cytoskeletal organization (Hynes, 1990; 
Mosher, 1989). For example, the arginine-glycine-as- 
partic acid (RGD) cell binding motif, now known to 
be shared by FN and several other adhesion proteins, 
was discovered during the course of studies to char- 
acterize the adhesive properties of plasma-derived 
FN and its proteolytic products (Pierschbacher and 
Ruoslahti, 1984). Plasma FN was also instrumental in 
the discovery and characterization of the integrin 
family of cell surface receptors for extracellular ma- 
trix (ECM) proteins (Hynes, 1990). It should be 
noted, however, that the bulk of plasma FN is the 
product of hepatocytes (Tamkun and Hynes, 1985), 
which omit the EIIIB and EIIIA segments and which 
include part or all of the V segment only about 50% 
of the time (Schwarzbauer, 1991). Although small 
quantities of EIIIA + and EIIIB + FNs are normally 
present in blood plasma, these isoforms nevertheless 
constitute a small fraction (-1% or less for each) of 
the total pool of plasma FN (Vartio et al., 1987; Pe- 
ters et al., 1989; 1995). Therefore, nearly all of the in 
vitro research cited above was performed using 
plasma FN which is essentially B"A"V". Consistent 



with this composition, significant progress has been 
made on the function of the V region, which is known 
to contain binding sites for the a 4 class of integrins 
(Guan and Hynes; 1990, Mould et al„ 1990). How- 
ever, despite recent observations regarding potential 
roles for the EIIIA segment in cell adhesion and dif- 
ferentiation (Xia and Culp, 1994, 1995; Jarnigan et 
al., 1994), much less is known regarding the func- 
tions of the "extra" type III repeats. 

In order to gain clues to the biological functions of 
the different alternatively spliced forms of FN, we 
have used segment-specific antibodies to determine 
the relative tissue distributions of the three spliced 
segments of FN in the mouse. In a companion article 
(Peters and Hynes, 1996, this issue), we have ob- 
served that the segments generally show widespread 
expression and colocalization during embryonic de- 
velopment. The most striking exception to this rule is 
developing hyaline cartilage, from which the EIIIA 
segment selectively disappears during the latter half 
of gestation. In this study, we have analyzed tissues 
from adult mice with similar staining methods. We 
find that there is reduced expression of each of the 
three spliced segments, relative to the total pool of 
FN, in the adult mouse as compared with the embryo. 
We also note wider tissue distribution patterns for the 
EIIIB and EIIIA segments than previously reported 
for human tissues (Carnemolla et al., 1989; Glukhova 
et al., 1989, 1990; Vartio et al., 1987). And, in com- 
parisons of the staining patterns achieved with the 
different segment-specific antibodies, we detect sev- 
eral instances of qualitative and/or quantitative differ- 
ences in distribution between the three segments. 
These findings offer further support for the contention 
that the alternatively spliced segments of FN consti- 
tute ECM components with tissue- and/or organ-spe- 
cific functions. 



METHODS 

Preparation of Tissue Sections 

Adult CD- 1 mice (Charles River Labs, Wilmington, 
MA), varying in age from 8 weeks and 6 days to 15 
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FN ISOFORM DISTRIBUTION IN ADULT TISSUES 



weeks, were killed by cervical dislocation or by car- 
bon dioxide inhalation. Tissues and organs were dis- 
sected free, washed in cold phosphate buffered saline 
(PBS) and, in most cases, fixed in 2.5% paraformal- 
dehyde in PBS for 1 h on ice. Specimens were then 
incubated in cold 0. 1 M glycine in PBS for 1 h, and 
then cold 0.6 M sucrose in PBS for 4-5 h. In certain 
cases (lung and eye), both unfixed and fixed speci- 
mens were analyzed, with similar findings (not 
shown). Lungs to be analyzed unfixed were gently 
instilled via the trachea with warm O.C.T.* embedding 
medium (Baxter Scientific, McGaw Park, IL) diluted 
1: 1 with PBS, and then frozen over dry ice. All tis- 
sues, whether fixed or unfixed, were positioned in 
plastic molds containing O.C.T., frozen over dry ice, 
and stored at -70° C. In the case of bone marrow, the 
contents of a longitudinally cut femur were scraped 
directly into O.C.T. prior to freezing. A Frigocut Cry- 
ostat (Reichert-Jung) was used to cut serial 6-8 |im 
tissue sections onto Superfrost/plus slides (Fisher 
Scientific, Pittsburgh, PA), which were air-dried over- 
night at room temperature and then stored at -70° C 
pending immunostaining. In addition to immunofluo- 
rescence microscopic analysis (see below), represen- 
tative sections from each tissue were also stained 
with hematoxylin and eosin. 



Antibodies 

Immunopurified rabbit antibodies to the V95 subseg- 
ment and to the EIHB segment were prepared as de- 
scribed (Peters and Hynes, 1996, this issue). Briefly, 
the anti-V95 antibodies were raised to a V95 0-ga- 
lactosidase fusion protein (Schwarzbauer et al, 1985) 
and purified on rat plasma FN Sepharose, whereas the 
anti-EIIIB antibodies were raised to an EIIIB-GST 
fusion protein and purified on EIlIB-maltose binding 
protein Sepharose (Peters et al., 1995). We have pre- 
viously shown that mammalian EIIIB + FNs typically 
contain N-linked carbohydrate that causes interfer- 
ence with recognition of the EIIIB segment by anti- 
bodies. Therefore, target FNs, including those in tis- 
sue sections, generally require deglycosylation in or- 
der to permit recognition by such antibodies (Peters 
et al., 1995; Peters and Hynes, 1996, this issue). Ex- 
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cept for the instances noted below, the anti-EIIIB an- 
tibody staining patterns reported in this study were 
only present in tissue sections that were pretreated 
with N-glycanase as described (Peters and Hynes, 
1996, this issue). 

Immunopurified goat antibodies (GI53) to a 29 
amino acid synthetic peptide of the human EDA 
(EDI) segment (Peters et al., 1988) were used to de- 
tect the EIIIA segment in adult mouse tissues. Be- 
cause G153 was originally raised to and purified on 
human FN sequences, preliminary experiments were 
performed to test its capacity to recognize the EIIIA 
segment of rodent FNs. In Western blotting, G153 
recognized EIIIA + but not EIIIA" full length recom- 
binant rat FNs (Guan et al., 1990), and specifically 
stained only a minor high molecular weight subpop- 
ulation of subunits that resolved under reducing con- 
ditions from purified mouse plasma FN (Gibco-BRL) 
(Vartio et al., 1987; Peters et al., 1988; data not 
shown). In immunofluorescence microscopy of tissue 
sections obtained from mouse embryos (E7.5 through 
E16.5), G153 produced patterns of fibrillar staining 
which were similar to those reported for the mono- 
clonal antibody 3E2 (Peters and Hynes, 1996, this 
issue). 

To stain adult mouse tissue sections for the total 
pool of FNs ("total FN"), rabbit antisera to rat cellu- 
lar FN (Mautner and Hynes, 1977; Peters and Hynes, 
1 996, this issue) was generally used. However, in cer- 
tain instances immunopurified goat antibodies 
(G141), raised to and purified on rabbit plasma FN 
(Peters et al., 1986), were substituted. The staining 
patterns produced by G141 were indistinguishable 
from those produced by the rabbit anti-cellular FN 
antibodies (not shown). 



Immunohistochemistry 

To compare the tissue distributions of the three 
spliced segments of FN to one another, as well as to 
the total pool of FNs, we subjected adjacent or 
closely situated serial tissue sections from adult mice 
to indirect immunofluorescence staining with the an- 
ti-EIIIB, anti-EIIIA, anti-V, and anti-total FN anti- 
bodies. The method for detection of the EIIIA seg- 
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ment differed from that used in our analysis of the 
mouse embryo, in that G153 was used instead of 
monoclonal antibody 3E2. Also, GI4I was occasion- 
ally substituted for the rabbit anti-total FN antibodies 
(see above). Otherwise, the staining methodology 
used to detect the EIIIB and V segments, as well as 
the total pool of FNs, was identical to that used in our 
analysis of embryos (Peters and Hynes, 1996, this 
issue). Anti-EIIIB, anti-EIIIA, and anti-V antibodies 
were used at final concentrations of 36-69, 50, and 4 
pg/ml, respectively, unless indicated otherwise. Rab- 
bit anti-total FN antiserum was used at a dilution of 
1 : 1000, whereas immunopurified G141 was used at 2 
ug/ml. In all cases, appropriate FITC-labeled second- 
ary antibodies (Cappel, Durham, NC) were diluted 
1 : 100 in 2% ovalbumin in PBS. in two instances in 
this study (Figures 5 and 6), we present comparisons 
of adult and embryonic staining patterns. In these in- 
stances, monoclonal antibody 3E2 was used to detect 
the EIIIA segment in the embryonic tissues, as previ- 
ously described (Peters and Hynes. 1996, this issue). 

The four criteria used to assure specificity of im- 
munostaining in our analysis of embryonic mouse tis- 
sues (Peters and Hynes, 1996, this issue) were also 
employed in this study. Briefly, the following were 
assessed to be nonspecific: 1) staining patterns 
present in the absence of primary antibody, 2) seg- 
ment-specific antibody patterns that were not 
"matched" by similar anti-total FN antibody patterns, 
3) segment-specific patterns that were not "blocked'* 
by an appropriate GST fusion protein. In certain in- 
stances, we also used the synthetic peptide to which 
G153had been raised (Peters et aL, 1988) to block 
staining and thereby assure specificity. Finally, en- 
hancement of anti-EIIIB antibody staining patterns 
by N-glycanase, although not an absolute criterion 
for specificity (see below), was considered to be an 
attribute of specific antibody recognition if present 
(Peters et aL, 1995; Peters and Hynes, 1996, this is- 
sue). 

As was the case for the mouse embryo (Peters and 
Hynes, 1996, this issue), the anti-EIIIB antibodies 
used in this study produced N-glycanase-independent 
staining at the periphery of red blood cells (RBCs) in 
the adult mouse (Figure 8). In both embryos and 



adult mice, such staining appeared to be nonspecific, 
based upon the failure of anti-total FN antibodies (as 
well as the other segment-specific antibodies) to pro- 
duce an equivalent pattern. Nonetheless, it was spe- 
cifically blocked by coincubation of the antibodies 
with EIIIB-GST, but not irrelevant GST fusion pro- 
teins, suggesting recognition of a crossreactive 
epitope by the primary anti-EIIIB antibodies. 

Fluorescence staining intensity was graded as fol- 
lows: (-) negligible, (+) faint, (++) moderate, 
( + + + ) strong. These grades reflect the overall inten- 
sity of staining produced in a specific tissue, rather 
than in any particular structure within that tissue. 
Several major patterns of tissue staining were ob- 
served: (B) = basement membrane zone, (V) = cap- 
illary and small blood vessels, (P) = perimysial/en- 
domysial or, in the case of peripheral nerve, perineur- 
ial/endoneurial, (S) = subepithelial connective tissue, 
(M) = mesotheliai, (F) = hair follicle sheath. 



RESULTS 

Distribution of the Alternatively Spliced EIIIB, 
EIIIA, and V Segments of FN in the Adult Mouse. 
The staining patterns that were produced by the four 
different anti-FN antibodies in tissue sections from 
adult mice (Figures 1-8) are described below accord- 
ing to organ system. In addition, Table I summarizes 
the various staining patterns in tissues belonging to 
each organ system in quantitative and qualitative 
terms. 



Cardiovascular System 

Heart. None of the anti-FN antibodies produced ap- 
preciable staining of cardiac muscle fibers. However, 
anti-total FN, anti-EIIIA, and anti-V antibodies (in 
order of staining intensity) each produced staining of 
pericardium, endocardium, and myocardial intersti- 
tium. In the latter compartment, the staining produced 
by anti-total FN antibodies in capillary walls and 
within the endomysial fascia appeared to be of simi- 
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*The tissue distributions of the EIIIB segment, the EIIIA segment, the V95 subsegment. and the total pool of FN were analyzed via immunofluo- 
rescence microscopy using segment -specific on in the case of total FN. ami -cellular FN antibodies. Fluorescence staining intensity was subjectively 
graded as: (-) negligible. (+) faint, ( + +} moderate, (+ + +) strong. Several major patterns of tissue staining were observed: B = basement 
membrane zone, V - capillary and small blood vessels, P = perimysial/epimysial or, in the case of peripheral nerve perineurial/epineurial, S = 
subepithelial connective tissue, M = mesothelial, F = hair follicle sheaih. + The hyaline cartilage of the trachea and bronchi is considered under 
"hyaline cartilage". *N-glycanase did not produce enhancement in the anti-EIIIB interstitial staining pattern. "The phase of the estrous cycle was not 
determined. v Anti-EIIIB antibodies produced a peripheral pattern of staining. 
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lar intensity. In contrast, anti-EUlA staining appeared 
to be selectively concentrated in the walls of the cap- 
illaries. Such staining for the EII1A segment was ev- 
ident as "ring" structures throughout the atrial and 
ventricular walls, giving a "Swiss cheese" appearance 
(Figure 1A). Myocardial interstitial staining by an- 
ti-V antibodies was faint but, similar to both anti-total 



FN and anti-EIIIA antibodies, occasionally included 
"ring" patterns, again suggesting capillary wall stain- 
ing (not shown). 

Although anti-EIHB antibodies failed to produce 
endocardial or pericardial staining, they did produce 
some faint, frequently amorphous, interstitial myo- 
cardial staining. These patterns were present in the 





FIGURE 1 The EIIIA segment is widely distributed in the adult mouse. Panel A: A section through the atrium of a 15 week old mouse 
was stained with anti-EIIIA antibodies. Note the "ring" patterns of staining (small arrow), consistent with the walls of blood capillaries, in 
the atrial myocardium. The endocardium (long arrow) and pericardium are also stained. Panels B and C: Adjacent sections through an 
arteriole (a) within a skeletal muscle in the neck of a mouse aged 9 weeks 6 days, stained with (B) anti-EIIIA and (C) ant.-V95 antibodies. 
Each antibody produces maximal staining within the intimal zone of the arteriolar wall, whereas only faint staining is present within the 
medial zone The intimal staining pattern was not present when the primary antibodies were omitted, and therefore does not represent 
autofluorescencc from the internal elastic lamina. In adjacent serial sections, anti-total FN antibodies produced a similar pattern of staining, 
whereas anti-EIHB antibodies did not produce appreciable staining of the arterial wall (not shown). Panel D: A section through a peripheral 
nerve within the orbit of a mouse aged 9 weeks 6 days, stained with anti-EIIIA antibodies. In addition to the perineurium, there are also 
"ring" (arrow), and finer reticular/linear patterns of staining within the nerve. Anti-total KN and anti-V95 antibodies produced similar 
staining patterns in adjacent sections, but anti-EIHB antibodies failed to produce staining (not shown). Panels E and F: Adjacent transverse 
sections through the esophagus (e) of a mouse aged 8 weeks 6 days, stained with (E) anti-EIIIA and (F) anti-V95 antibodies, respectively. 
Each antibody produces staining of smooth muscle (solid arrows) and loose subepithelial connective tissue, with associated blood vessels. 
Note, however, that the anti-V, but not anti-EIIIA. antibodies also produce distinct staining of the BMZ immediately beneath the squamous 
epithelium (open arrows). In adjacent sections, anti-total FN antibodies produced staining which was similar to that produced by anti-V 
antibodies, whereas anti-EIHB antibodies produced a pattern of staining which was similar, but fainter, than that produced by anti-EIIIA 
antibodies. Bar. 20 um in A. 50 urn in B-D. and 100 u in E and F. 
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absence of N-glycanase pretreatment of sections. Al- 
though they may. in certain instances, have repre- 
sented specific staining of capillar}' wall and/or en- 
domysial FNs, in most cases such staining could be 
traced to peripherally-stained intravascular RBCs. 

Anti-total FN, anti-V. and anti-EIIIA antibodies, in 
order of intensity, each produced staining within the 
atrioventricular and semilunar valves. The first two 
antibodies produced fibrillar staining in the substance 
of the valves. In contrast, anti-EIIIA antibodies pro- 
duced staining at the surfaces of cells within the val- 
vular stroma, but did not produce fibrillar staining 
between such cells. Anti-EIIIB antibodies failed to 
produce staining of the valves (not shown). 

Blood Vessels. In the thoracic aorta, anti-total FN, 
anti-EIIIA, and anti-V antibodies (in order of inten- 
sity) each produced bright fibrillar staining of the ex- 
tracellular material lying between the elastic laminae 
of the media, as well as within the intimal zone (Fig- 
ure 2). The intimal staining produced by anti-total FN 
and anti-V antibodies tended to be more concentrated 
than the adjacent medial staining. It was also usually 
more continuous in quality, than the intimal staining 
produced by anti-EIIIA antibodies. In contrast, no re- 
producible staining of the aortic media or intima was 
obtained with anti-EIIIB antibodies (Figure 2). 



In, the walls of smaller muscular arteries and arte- 
rioles, anti-EIIIA, anti-V, and anti-total FN antibodies 
each typically produced concentrated intimal staining, 
in addition to fainter fibrillar staining of the media 
(Figure 1, panels B and C). Such intimal staining was 
localized to the lumenal side of the internal elastic 
lamina. B A f V*" staining patterns similar to those 
shown in Figure 1 were observed in the walls of small 
arteries in the myocardium (coronary arteries), pan- 
creas, testis, and spleen (not shown). Although anti- 
EIIIB antibodies frequently failed to produce staining 
within arterial walls, some faint N-glycanase-en- 
hanceable fibrillar staining for the EIIIB segment was 
detected in the media of the lobar and arcuate branches 
of the renal arteries (not shown). Faint staining for 
EIIIB + FN was also detected in the walls of 
meningeal arterioles as well as small arteries within 
both the nongravid and gravid uterus (see Figure 5, top 
two rows). 

The patterns of staining that were produced by the 
anti-FN antibodies in capillary structures are dis- 
cussed below by organ system. 

Respiratory System. Although epithelial cells of the 
respiratory tract lacked anti-FN staining, the base- 
ment membrane zone (BMZ), subepithelial connec- 
tive tissue (lamina propria), and smooth muscle of the 




FIGURE 2 Differential distribution of the alternatively spliced segments of FN in the adult mouse aorta. Closely situated serial tranverse 
sections through the thoracic aorta of a mouse aged 8 weeks 6 days were subjected to staining, proceeding from left to right, with anti-total 
FN, anti-EIIIB. anti-EIIIA. and anti-V antibodies. Anti-total FN, anti-EIIIA, and anti-V antibodies each produced staining of pericellular 
material lying between the elastic laminae in the wall of the aorta. In contrast, anti-EIIIB antibodies produced negligible staining, although 
patches of anti-EIIIB staining were occasionally observed at the lumenal surface (not shown). Bar. 20 um. 
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trachea and bronchi were each stained by anti-total 
FN, anti-EIHA, and anti-V antibodies, in decreasing 
order of intensity (not shown). Each of these three 
antibodies also produced staining of the walls of the 
pulmonary arteries and veins, the alveolar septae, and 
the pleural membranes, in the same order of intensity 
(Figure 3). The staining produced by anti-total FN 
and anti-V antibodies did not appear to differ signif- 
icantly in intensity between the alveolar interstitium 
and the walls of larger pulmonary blood vessels, 
whereas anti-Ell I A antibodies produced more intense 
staining of large blood vessel walls than of septal 



structures (Figure 3). Although it was not possible to 
identify the alveolar structural components that were 
stained by each of the anti-FN antibodies in our fro- 
zen sections, the patterns of septal staining that were 
produced by anti-ENIA and anti-V antibodies ap- 
peared to be qualitatively similar to one another and 
to those produced by anti-total FN antibodies (Figure 
3). Anti-EIIIB antibodies failed to produce apprecia- 
ble staining of the trachea, bronchi, interstitium, or 
pleura (Figure 3,B). However, these antibodies did 
produce faint staining of smooth muscle associated 
with bronchi. 




FIGURE 3 Differential distribution of the alternatively spliced segments of FN within the micro vasculature of the adult mouse. Tissue 
sections from adult mice were stained, proceeding from left to right, with anit-total FN. anti-EHIB, anti-EIIIA, and anti-V antibodies. Top 
row: Sections through the kidney of a 15 week old mouse. Anti-total FN and anti-V antibodies each produce staining of the glomerular (gl) 
mesangium and capillaries, the parietal epithelium, and the tubular interstitium. No staining by anti-EHIB antibodies was evident in either 
of two glomeruli shown, or in the tubular interstitium. Middle row: Closely situated serial sections through adult mouse lulng, showing a 
bronchiole (br) and an arteriole (a), the latter of which is transected twice. Anti-total FN, anti-EIHA, and anti-V antibodies each produce 
fibrillar staining of the alveolar interstitium, the bronchiolar BMZ. and the arteriolar walls. Notably, in comparison with anti-total FN and 
anti-V antibodies, anli-EIIIA antibodies appear to produce more intense staining of the arteriolar walls as opposed to other pulmonary 
structures. Anti-EIIIB antibodies produce little staining of adult lung.? Although some staining of bronchial epithelial cells is apparent in 
each of the four panels, this is not specific for FN. since it was also present in the absence of primary antibodies (not shown). Bottom row: 
Higher magnification of the lung parenchyma. In addition to the alveolar interstium, anti-total FN, anti-EIHA, and anti-V antibodies each 
produce staining of the pleural membrane (arrow). The sections shown in the middle and bottom rows were obtained from an unfixed lung 
that had been frozen after inflation with embedding medium via the trachea (see Methods). Similar patterns of staining were observed in 
lungs that had been fixed by the usual method (not shown). Bar, 20 urn in top row, 100 urn in middle row, and 50 urn in bottom row. 
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Gastrointestinal System 

Oropharynx. None of the four anti-FN antibodies 
produced appreciable staining of the cells of the strat- 
ified squamous epithelium of the tongue. However, 
the BMZ and lamina propria underlying the epithe- 
lium were each stained brightly by anti-total FN and, 
to a lesser extent, by anti-V antibodies (Figure 4). 



Some faint staining of the lamina propria was also 
produced by anti-EUIA antibodies, but anti-EIIIB 
staining was negligible. 

Gastrointestinal Tract, Although anti-EIIIB anti- 
bodies produced some faint fibrillar staining of 
smooth muscle surrounding the esophagus and large 






FIGURE 4 Differential distribution of the alternatively spliced segments of FN in adult mouse epithelia. Closely situated serial sections 
through adult mouse epithelia were subjected to staining, proceeding from left to right, with anti-EIIIB, anti-EUIA. and anti-V antibodies. 
Top row: Sections through the cornea of a mouse, aged 15 weeks, showing the epithelium (ep). stroma (st). and Descemct's membrane 
(Dm). Descemet's membrane is stained brightly by anti-EIIIB. anti-V, and anti-total FN antibodies (latter not shown), whereas anti-EIIIA 
antibodies produce only faint staining of this structure. Anti-EIIIB and anti-EIIIA antibodies both produce negligible staining of the corneal 
stroma, whereas anti-total FN antibodies produce diffuse stromal staining (not shown). Anti-V antibodies produce stromal staining that is 
restricted to the zone immediately beneath the epithelium. Middle row: Sections through the tongue of a mouse, aged 9 weeks 6 days, 
showing (proceeding from top to bottom) epithelium (ep), BMZ (arrows), subepithelial connective tissue (lamina propria), and skeletal 
muscle fibers (mu). Anti-V antibodies (and anti-total FN antibodies, not shown) produce abundant staining of the BMZ and lamina propria, 
whereas anti-EIIIB and anti-EIIIA antibodies produce little staining of these structures. Nonspecific background fluorescence is apparent 
within the muscle fibers at the bottom of- the panels. Bottom row: Sections through the skin of the snout of a mouse, aged 8 weeks 6 days. 
Note that each of the antibodies produces negligible staining of the epidermis (ep). Anti-V antibodies produce strong staining of the BMZ 
(denoted by straight arrows in left panel only) and subjacent connective tissue, but fail to produce much staining of hair follicles (curved 
arrows). In contrast. anti-EIIIB antibodies give patches of faint staining of the BMZ as well as intermittent staining of hair follicle sheaths. 
Anti-EIIIA antibodies produce negligible basement membrane zone staining, but stain most hair follicle sheaths. Bar. 50 urn in top two 
rows, 100 um in bottom row. 
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intestine, they failed to produce appreciable staining 
of the visceral smooth muscle associated with the 
stomach or small intestine. In contrast, anti-total FN, 
anti-V, and anti-EIIIA antibodies each produced dis- 
tinct staining of the smooth muscle and subepithelial 
connective tissue of the gut at all levels (Figure 1). In 
general, anti-total FN antibodies produced the most 
intense staining of such visceral smooth muscle, fol- 
lowed by anti-V and anti-EIIIA antibodies, which 
showed similar intensities. Additionally, anti-total FN 
and anti-V antibodies each produced staining of the 
epithelial BMZ at all levels of the gut, whereas anti- 
EIIIB and anti-EIIIA antibodies typically failed to 
produce such staining (Figure 1). We also detected 
staining of the mesothelium of the large intestine with 
anti-total FN, anti-EIIIA, and and anti-V, but not anti- 
EIIIB antibodies. 

Liver and Gall Bladder. Consistent with several 
previous studies in which FN expression has been 
analyzed at the mRNA level (Schwarzbauer et al., 
1987; Oyama et al., 1989; Pagani et al., 1991; Jarna- 
gin et al., 1994), the parenchyma of the adult liver 
was largely negative for staining for both the EIIIB 
and EIIIA segments, although we did detect EIIIA + 
FN in the walls of portal arterioles. In contrast, anti- 
total FN and anti-V95 antibodies each produced 
staining of the walls of central veins and sinusoids, in 
addition to portal blood vessels. The vascular staining 
produced in the liver by anti-V95 antibodies was con- 
siderably fainter than that produced by anti-total FN 
antibodies (not shown). 

In the gall bladder, anti-total FN, anti-EIIIA, an- 
ti-V, anti-EIIIB antibodies, in order of intensity, each 
produced similar patterns of fibrillar staining of the 
smooth muscle (not shown). The first three antibodies 
also produced staining of the subepithelial stroma and 
of the walls of associated blood vessels. 

Pancreas. Anti-total FN, anti-EIIIA, anti-V, and an- 
ti-EIIIB antibodies, in order of intensity, each pro- 
duced staining of the walls of small interstitial tubu- 
lar structures that appeared to conform with capillar- 
ies. The capillary staining produced by anti-EIIIB 
antibodies was N-glycanase-independent, but could 



be blocked specifically by EIIIB-GST fusion protein. 
The walls of small interstitial arteries were also 
stained by anti-total FN, anti-EIIIA, and anti-V (but 
not by anti-EIIIB) antibodies. The epithelial BMZ 
and subepithelial connective tissue of the main pan- 
creatic ducts were stained by anti-total FN and anti-V, 
but not antf-EHIB or anti-EIIIA, antibodies. Only an- 
ti-total FN antibodies produced appreciable staining 
in the BMZ beneath the acinar cells, and this was 
patchy and faint. The mesothelium was stained by 
anti-total FN, anti-V, and anti-EIIIA antibodies, in or- 
der of intensity (not shown). 



Genitourinary System 

Kidney. In the glomerulus, anti-total FN and anti-V 
antibodies each produced staining of the mesangium 
and, to a lesser degree, capillaries. In comparison, 
anti-EIIIA antibodies produced very faint staining 
which appeared to be restricted to the mesangium of 
the glomerular stalk and to the walls of afferent and 
efferent arterioles (Figure 3). The parietal epithelium 
was also stained by anti-total FN, anti-V, and to a 
much lesser extent, anti-EIIIA antibodies (Figure 3). 
The same three antibodies (same order of intensity) 
also produced staining of the tubular BMZ and inter- 
stitium. Anti-EIIIB antibodies failed to produce ap- 
preciable staining of either the glomeruli or the inter- 
stitiurn. Small vessels of the vasa recta within the 
medullary pyramid were B~A + V + (not shown). 

Ureters and Bladder. The cells of the transitional 
epithelium of the urinary tract lacked staining for FN. 
However, each of the segment-specific antibodies 
produced staining of subepithelial connective tissue 
and smooth muscle of the ureters and bladder. How- 
ever, only anti-total FN and anti-V antibodies pro- 
duced staining of the BMZ of the bladder epithelium. 

Female Reproductive Tract. Anti-total FN, anti-V. 
anti-EIIIA, and anti-EIIIB antibodies, in order of in- 
tensity, each produced staining of the smooth muscle 
and subepithelial connective tissue stroma of the va- 
gina (not shown) and uterus (Figure 5), as well as of 
the interstitial stroma and blood vessels of the ovaries 
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FIGURE 5 Uterine distribution of the spliced segments of FN. Closely situated tissue sections of adult mouse uterus were subjected to 
staining, from left to right, with anti-total FN, anti-Ell IB, and anti-V antibodies. Anti-EIIIA antibody staining was similar in each instance 
to that produced by anti-EIIIB antibodies (not shown). Top row: Sections through the external coat of myometrial smooth muscle of a 
non-gravid uterus, showing muscle fibers cut longitudinally (arrows). Middle row: Sections through a gravid uterus at 9.5 days gestation, 
showing myometrial muscle fiber bundles sectioned transversely (thick arrow). Each antibody produces endomysial staining, as well as 
staining of the walls of uterine blood vessels (thin arrow). Bottom row: Additional sections through the gravid uterus shown in the middle 
row, including an embryo. Although each antibody produces similar patterns of embryonic staining,- different patterns are evident in the 
decidua capsularis (dc). Here, anti-total FN antibodies produce a vascular pattern of staining throughout the uterine wall, which is greatest 
in the inner trophoblastic meshwork. Anti-V antibodies produce a fainter vascular pattern, restricted primarily to the inner trophoblastic 
zone. In contrast, little or no staining of the decidua capsularis is produced by anti-EIIIB (or anti-EUIA. not shown) antibodies. Note also 
that anti-total FN and anti-V antibodies both produce bright staining of the detached parietal layer of the yolk sac (open arrows), whereas 
anti-EIIIB antibodies produce relatively faint staining. In contrast, each of the antibodies produces intense staining of the visceral layer of 
the yolk sac (arrowheads). Bar, 50 um in the top two rows, 200 pm in bottom row. 



(not shown). The first three antibodies, in the same 
order of intensity, also produced epithelial BMZ 
staining within the vagina and uterus. Anti-EIIIB an- 
tibodies failed to produce appreciable vaginal BMZ 
staining, but did produce some faint staining of the 
epithelial BMZ in the uterus (not shown). In the ovi- 
ducts, each of the four antibodies produced promi- 



nent staining of smooth muscle, as well as fainter 
staining of the subepithelial stroma and blood vessels 
(not shown). 

Within the gravid uterus at 7.5 days gestation 
(Figure 5, second row), staining for the EJIIB, 
EIIIA, and V segments was prominent within the 
myometrium and in the walls of dilated endometrial 
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blood sinuses localized near the mesometrium (also 
see Peters and Hynes. 1996, this issue). In contrast, 
very little staining for the three spliced segments 
was detected between the inner circular layer of 
myometrial smooth muscle and the yolk sac cavity, 
despite diffuse staining of small interstitial blood 
vessels within this central zone by anti-total FN anti- 
bodies (not . shown). By 9.5 days gestation, staining 
for the EIIIB segment was absent both from the 
uterine decidua and from, the walls of dilated mater- 
nal blood sinuses at the mesometrial aspect of the 
uterus. Staining for the EIIIA segment was also ab- 
sent from the decidua, but persisted in the walls of 
the maternal sinuses. Anti-total FN antibodies, and 
to lesser extent anti-V antibodies, produced abundant 
vascular staining at each of these sites, including the 
decidua capsularis (Figure 5, bottom row). The pla- 
cental pattern produced by each of the four anti-FN 
antibodies at 9.5 days gestation has been described 
(Peters and Hynes, 1996, this issue). - 

Male Reproductive Tract. The capsule of the testis 
was stained by anti-total FN, anti-V. and anti-EIIIA 
antibodies, in order of intensity. These three antibod- 
ies also stained the BMZ surrounding the seminifer- 
ous tubules, and the walls of subcapsular arteries. In 
contrast, anti-EIIIB antibodies failed to produce 
staining (not shown). 



Musculoskeletal System 

Skeletal Muscle. The patterns of segment-specific 
and total FN immunostaining that were observed in 
the tongue and diaphragm (Figure 6). as well as in- 
tercostal (Figure 7), paraesophageal, extraocular (Fig- 
ure 6), and laryngeal muscles, were generally similar 
to one another, and to cardiac muscle (see above). 
Typically, anti-total FN antibodies produced the 
brightest staining, followed next by antibodies to the 
EIIIA segment. In sections cut longitudinally, anti- 
total FN and anti-EIIIA antibodies generally pro- 
duced similar linear patterns at the periphery of mus- 
cle fibers and within the perimysial stroma. However, 
in transverse sections through fibers, anti-total FN an- 



tibodies produced intense staining of both endomy- 
sium and capillaries (the latter were seen as punctate 
or "ring" patterns), whereas anti-EIIIA antibodies ap- 
peared to produce more staining of capillary struc- 
tures than of endomysium (Figure 6). 

There was a sharp reduction in the intensity of 
staining for the V and EIIIB segments in skeletal 
muscle of, the adult mouse as compared with the em- 
bryo (Figures 6 and 7). Nevertheless, anti-V antibod- 
ies produced faint staining of the interstitium of adult 
skeletal muscles, which in certain cases included 
"ring" patterns consistent with capillary structures 
(not shown). The staining produced in adult skeletal 
muscle by anti-EIIIB antibodies was extremely faint 
and patchy, and was not enhanced by N-glycanase. In 
certain cases, it included "ring" patterns that could be 
traced to circulating RBCs, rather than to capillaries 
or other tissue structures. 

Cartilage. Consistent with several previous studies 
in which FN mRNA encoding the EIIIB segment has 
been detected in mature hyaline cartilage (Bennett et 
al., 1991; Magnuson et al., 1991; Zhang et al., 
1995), we found staining for this segment in several 
hyaline cartilage structures in the adult mouse. Un- 
like the patterns observed in the mouse embryo (Fig- 
ure 7, top two rows), the staining for this segment in 
laryngeal, tracheal, bronchial, and costochondral car- 
tilages was found to differ from that produced by 
antibodies to the V segment or to the total pool of 
FNs. Anti-V and anti-total FN antibodies stained the 
matrix and chondrocytes throughout these structures 
(Figure 7, bottom two rows), whereas anti-EIIIB an- 
tibodies produced staining that appeared to be re- 
stricted to peripherally-situated matrix, cells, and 
perichondrium (Figure 7, bottom two rows). Consis- 
tent with the pattern established during late embryo- 
genesis (Figure 7, second row), adult hyaline carti- 
lage lacked staining by anti-EIIIA antibodies (Figure 
7, third row). 

Anti-tota) FN, anti-EIIIB, and anti-V antibodies, in 
order of intensity, each produced bright staining of 
the synovial lining of the cricoarytenoid joint. In con- 
trast, anti-EIIIA antibodies produced little or no stain- 
ing (Figure 7, bottom row). 
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FIGURE 6 Differences in muscular expression of the alternatively spliced segments of FN between embryonic and adult mice. Nearby 
tissue sections were stained, from left to right, with anti-total FN. anti-EIIIB. anti-EIIIA. and anti-V antibodies. Top row: The diaphragm 
of a 16.5 day mouse embryo, sectioned longitudinally with respect to muscle fibers. Second row: Sagittal sections through the tongue of 
an embryo at 15.5 days gestation. Third row: Sagittal sections through the tongue of a mouse aged 9 weeks 6 days, showing the epithelium 
with filiform papillae above and skeletal muscle below. As described in Figure 4. the lamina propria flying between the tips of the curved 
arrows) is largely B A" V". Anti-total FN antibodies produce a predominantly linear pericellular pattern of staining within the underlying 
skeletal muscle. In contrast. anti-EIIIA staining appears to be primarily punctuate in areas in which muscle fibers are cut in cross- section, 
and primarily linear in areas cut longitudinally. Little muscular staining is evident with either anti-EIIIB or anti-V antibodies, despite greater 
exposure of the respective photos. Bottom row: Closely situated transverse sections through extraocular muscle of a mouse aged 15 weeks. 
Anti-total FN antibodies produce homogeneous staining that includes endomysial sheaths and interstitial densities conforming with capil- 
lary structures. In contrast, anti-EIIIA antibodies produce a more punctuate pattern that appears to be concentrated in capillaries, rather than 
the endomysium. Anti-EIIIB and anti-V antibodies produce little staining, although the latter antibodies were typically observed to produce 
faint staining of both capillary and endomysial structures within striated muscles. Monoclonal antibody 3E2 was used to detect the EIIIA 
segment in embryonic muscle (top two rows), whereas G153 was used for adult muscle (bottom two rows). G141 was used to detect total 
FN in extraocular muscle only (bottom row). Bar. 50 um in top row. 20 urn in second and bottom rows, and 100 Jim in third row. 
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FIGURE 7 Differences in cartilaginous expression of the alternatively spliced segments of FN between embryonic and adult mice. Closely 
situated tissue sections were stained, from left to right, with anti-EIIIB. ami -EM A, and anti-V antibodies. The top two rows show sections 
from mouse embryos, whereas the bottom two rows show sections from an adult mouse aged 9 weeks 6 days. Top row: Sections through 
two condensations of cells at the sites of future ribs farrows) and the adjacent atrium (at) at E12.5. Note that each of the three antibodies 
produces similar patterns of staining of the precartilaginous cellular condensations, in addition to the atrial wall. Second row: Sections 
through costal cartilages (curved arrows) and lung (lu) at El 6.5, showing pulmonary artery (arrow), bronchus (arrowhead), and pulmonary 
vein (open arrow). Note that at this later point in development there is a selective absence of staining of cartilage by anti-EHIA antibodies, 
but similar distributions of cartilaginous staining for the EIIIB and V segments. Third row: Sections through two costal cartilages (curved 
arrows) of an adult mouse. The rightmost of the two cartilages terminates inferiorly in bone, containing a marrow cavity (bm). Similar to 
the case for the late embryo, anti-EHIA antibodies fail to stain costal cartilage in the adult mouse, whereas anti-El I1B and anti-V antibodies 
continue to stain the matrix and chondrocytes. However, the pattern of staining produced by anti-EIIIB antibodies in adult cartilage appears 
to be more peripheral than that obtained with anti-V antibodies (and anti-total FN antibodies, not shown). Also note that the intervening 
intercostal muscle (ic) is stained by anti-EHIA antibodies in a punctuate capillary-like pattern, whereas anti-EIIIB and anti-V antibodies 
produce minimal muscular staining. None of the anti-FN antibodies produce appreciable staining within the bone marrow cavity. Fourth 
row: Sections through the cricoarytenoid joint (arrow) in the adult mouse larynx. Anti-EIIIB and anti-V antibodies produce intense staining 
of the synovial lining of the joint space, whereas anti-EHIA antibodies produce little synovial staining. In the hyaline cartilage on each side 
of the joint. anti-EIIIB antibodies produce a peripheral pattern which appears to include perichondrium, anti-EIIIA antibodies produce little 
or no staining, and anti-V (and anti-total FN, not shown) antibodies produce diffuse staining. Monoclonal antibody 3E2 was used to detect 
the EI II A segment in embryonic cartilage structures (top two rows), whereas G153 was used for adult tissues (bottom two rows). Bar, 100 
pm in top and fourth rows, 200 pm in second and third rows, and 50 pm in bottom row. 
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Hematopoietic System 

Bone Marrow. None of the anti-FN antibodies pro- 
duced appreciable staining of bone marrow obtained 
from the femur of an adult mouse. 

Spleen. Anti-total FN and, to a lesser degree, anti- 
V95 antibodies produced staining of the capsule, the 
trabecular and the reticular network of fibers present 
throughout the organ. Staining of this reticular net- 
work was most distinct against the "dark back- 
ground" of the white pulp, although the network itself 
appeared to be more dense in the red pulp. Anti-EIIIA 
antibodies also produced staining of the capsule, tra- 
becule, and reticular fibers, but very faintly. Anti- 
total FN, anti-V95, and anti-EIIIA antibodies each 
produced intimal staining in the walls of arteries 
within the white pulp. Anti-EIIIB antibodies failed to 
produce staining of splenic tissue. 

Lymph Node. In paratracheal lymph nodes of a 
mouse aged 15 weeks, anti-total FN antibodies pro- 
duced staining of the capsule, the walls of blood 
vessels, and the reticular network of fibers. As de- 
scribed previously (De Pasquale et al., 1986), such 
reticulae appeared to be more prevalent in the me- 
dulla than in the cortex. Anti-V antibodies produced 
a similar, though slightly fainter pattern. In contrast, 
anti-EIIIB and anti-EIIIA antibodies produced little 
or no staining of paratracheal lymph nodes (not 
shown). 



Nervous System 

Brain and Meninges. Consistent with previous 
studies, the neuronal and glial cellular components of 
the brain failed to show specific staining for FN 
(Hynes, 1990). However, each of the anti-FN anti- 
bodies produced vascular, meningeal, and ependymal 
staining. In general, anti-V and anti-EIIIA antibodies 
produced more intense staining of larger meningeal 
and parenchymal blood vessels and relatively less in- 
tense staining of intraparenchymal and choroid 
plexus capillaries, whereas anti-EIIIB antibodies ap- 
peared to have the opposite preference (Figure 8). 



The staining produced by anti-EIIIB antibodies in 
the meninges, walls of meningeal blood vessels, and 
ependyma was N-glycanase-dependent. In contrast, 
the staining produced in capillary-sized vessels 
within the brain and choroid plexus was not en- 
hanced by such treatment (Table I and Figure 8), 
raising the possibility that peripherally-stained de- 
formable RBCs (see above) might account for some 
"capillary" patterns. In fact, fluorescently stained 
RBCs could in certain instances be visualized within 
large and small blood vessels in the brain (Figure 8). 
However, we also observed capillary staining that 
appeared not to be RBC-dependent. For example, 
anti-EIIIB antibodies produced N-glycanase-inde- 
pendent staining of choroid plexus capillary walls 
while failing to produce appreciable staining within 
the capillary lumens, arguing against RBC-depen- 
dent staining (Figure 8). The meningeal staining pro- 
duced by anti-EIIIB antibodies was N-glycanase-de- 
pendent and, like all of the staining patterns pro- 
duced by these antibodies in the adult mouse brain, 
could be specifically blocked with EIIIB-GST fusion 
protein. 

Peripheral Nerve. Anti-total FN, anti-EIIIA, and 
anti-V antibodies each produced staining of the 
perineurium (Figure 1). In transverse sections, each 
of the three antibodies also produced a reticular pat- 
tern consistent with the endoneurium and/or the 
basement membrane of Schwann cells (Paetau et al., 
1980; Longo et al., 1984). In addition to the above, 
anti-total FN, anti-EIIIA, and anti-V antibodies (in 
order of intensity) each produced discrete "ring" pat- 
terns in transverse sections that appeared to conform 
with capillary structures (Figure 1). Anti-EIIIB anti- 
bodies did not produce appreciable staining (not 
shown). 

Eye. Anti-total FN antibodies produced diffuse 
staining of the corneal stroma. In contrast, anti-V an- 
tibodies produced weak stromal staining that ap- 
peared to be restricted to the area immediately be- 
neath the corneal epithelium (Figure 4). Anti-EIIIB 
and anti-EIIIA antibodies failed to stain the stroma. 
The endothelial basement membrane (Descemet's 
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FIGURE 8 Anti-EHIB antibodies produce N-glycanase-independent staining of capillaries in the nervous system. Panels A-C: Sections 
through choroid plexus of a mouse aged 9 weeks 6 days stained with (A) anti-total FN antibodies, (B) anti-EIIIB antibodies with, and (C) 
without N-glycanase pretreatment of the tissue section. Both anti-total FN and anti-EIHB antibodies can be seen to produce linear and 
' ring" (solid arrow) patterns of staining in the center of choroid plexus fronds. Similar patterns were obtained with anti-A and anti-V 
antibodies (not shown), whereas none of the ami -FN antibodies produced appreciable staining of the cells of the choroid plexus epithelium. 
Note that, despite staining of the capillary walls by anti-EIIIB antibodies, stretches of capillary lumen appear to remain unstained (tiny 
arrows in B and C). Also note that deglycosylation is without apparent effect upon the capacity of anti-EIIIB antibodies to produce 
capillary-like staining in the choroid-plexus-(compare-B and G), whereas anti-EIIIB antibody staining of the adjacent ependymal tissue 
(open arrows) is N-glycanase-dependent (compare B and C). Panels D-F: Sections through meningeal blood vessels (above) and hrain 
(below), stained with (D) anti-total FN, (E) anti-EIIIB antibodies preincubated with EIIIA-GST, or (F) anti-EIIIB antibodies preincubated 
with EHIB-GST fusion protein. Incubations were for 1 h with 286 ug fusion protein/ml. The sections shown in (E) and (F) had both been 
treated with N-glycanase prior to application of antibodies. Note thai anti-total FN antibodies produce bright staining of meningeal blood 
vessels, pial membrane (open arrows), as well as intraparenchymal capillaries (solid arrows) and larger blood vessels (arrowhead). Anti- 
EIIIB antibodies, which produce substantially fainter staining of each of the above structures, can also be seen to produce faint staining of 
blood cells within a larger intraparenchymal blood vessel (arrowhead). Note that staining of all structures, including blood cells, was 
selectively abolished by preincubation of the anti-EIIIB antibodies with EIIIB-GST, but not EIIIA-GST. fusion protein. Bar, 20 um in top 
panels. 50 um in bottom panels. 



membrane) was stained brightly by anti-total FN (not 
shown), anti-EIIIB, and anti-V antibodies, whereas 
anti-EIIIA antibodies produced little staining (Figure 
4). 



Anti-total FN, anti-EIIIA, and anti-V antibodies 
each produced staining of the walls of capillaries in 
the ciliary body, as well as of blood vessels in the 
choroid layer. In contrast, anti-EIIIB antibodies failed 
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to produce appreciable uveal staining. However, each 
of the three segment-specific antibodies produced 
faint staining of the ciliary muscle and the smooth 
muscle in the central iris (not shown). 

None of the four antibodies produced staining of 
the anterior lens capsule, but the lateral and posterior 
capsule were stained by anti-total FN, anti-EIIIB, and 
anti-V, but not by anti-EIIIA antibodies. Retinal 
blood vessels, but not cells, were stained by all of the 
anti-FN antibodies. 



Endocrine System 

Thyroid. Anti-total FN antibodies produced staining 
of the interstitial capillaries and stroma, in addition to 
the follicular BMZ. A qualitatively similar, but fainter 
pattern of thyroid staining was produced by anti-V 
antibodies. In contrast, anti-EIIIA antibodies failed to 
stain the follicular BMZ, but did produce staining of 
perifollicular capillary structures. Anti-EIIIB antibod- 
ies produced negligible staining of the thyroid. 

Pituitary. In the anterior pituitary, anti-total FN and, 
to a lesser extent, anti-V antibodies produced staining 
of capillary-like structures, whereas no appreciable 
staining was apparent with anti-EIIIB or anti-EIIIA 
antibodies. 

Adrenal. Capsular staining was strong with anti-to- 
tal FN antibodies, and faint with each of the three 
segment-specific antibodies. Anti-total FN antibodies 
produced staining in both the cortex and medulla. 
This appeared to include basement membranes sur- 
rounding cords of epithelial cells as well as the walls 
of vascular structures. A similar but fainter interstitial 
pattern was produced by anti-V antibodies, but anti- 
EIIIB and anti-EIIIA antibodies each failed to pro- 
duce appreciable staining. 

Skin. In skin obtained from the snout, anti-V anti- 
bodies produced prominent subepithelial and BMZ 
staining, but little staining of follicle sheaths. In con- 
trast, anti-EIIIA antibodies failed to produce appre- 
ciable BMZ staining, but frequently stained the folli- 
cle sheaths. Anti-EIIIA antibodies also produced 



prominent staining of the walls of dermal blood cap- 
illaries. Anti-EIIIB antibodies produced some faint 
staining of the hair follicle sheaths, as well as inter- 
mittent faint BMZ staining (Figure 4). 



DISCUSSION 

Fibronectin is a widespread component of vertebrate 
tissues, serving in major capacities as both a soluble 
plasma protein and as a component of the insoluble 
ECM. It seems unlikely that such a biologically po- 
tent molecule serves exactly the same set of functions 
in all of its sites of expression. An obvious mecha- 
nism by which the functions of FN could be tailored 
to site-specific roles is through adjustments in pri- 
mary structure via alternative splicing. Consistent 
with such a proposal, we have observed that the three 
alternatively spliced segments of FN show numerous 
quantitative and qualitative differences in distribution 
in tissues of the adult mouse. This situation differs 
strikingly from that in the early mouse embryo, in 
which the segments codistribute widely (Peters and 
Hynes, 1996, this issue; also see Figures 5 and 6). 



Tissue Distribution of the EIIIB Segment 

Among the three isoform-specific antibodies, those 
recognizing the EIIIB segment showed the greatest 
overall reduction in staining in the adult mouse as 
compared with the embryo. Nevertheless, staining for 
this segment was present in several adult tissues, po- 
tentially providing clues to its functions. For exam- 
ple, anti-EIIIB staining was observed to be restricted 
to peripheral zones in hyaline cartilage, despite dif- 
fuse cell and matrix staining by anti-total FN and 
anti-V antibodies. This represents the second instance 
of divergence in staining patterns produced by seg- 
ment-specific anti-FN antibodies in hyaline cartilagi- 
nous structures during the life of the mouse. In the 
first, evident in mid-embryonic development and 
complete by E15.5, the B*A + V + splicing pattern of 
precartilaginous condensations (Figure 7, top row) 
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gives way to a B + A" V + staining pattern in structures 
undergoing overt chondrogenesis (Figure 7, second 
row; Peters and Hynes, 1996, this issue). In both of 
these previous stages, staining for the EIIIB and V 
segments was observed to colocalize. In contrast, 
FNs appear to represent a minor, spatially-restricted 
population within a larger pool of A~V + FNs in adult 
hyaline cartilage (Figure 6, bottom two rows). This is 
consistent with the previous observation that various 
adult canine cartilages contain both B + and B~ FN 
mRNAs, with B + transcripts constituting 17 to 30% 
of the total (Zhang et al., 1995). Furthermore, our 
observations suggest that the cells and matrix at the 
periphery of mature hyaline cartilages contain 
B + A~V + FN, whereas the FN that is expressed in 
the internal matrix and cells is B~A~V + . Potentially, 
inclusion of the EIIIB segment might serve to gener- 
ate an ECM substrate that is facilitative for prolifer- 
ation (ffrench-Constant and Hynes, 1989) and/or in- 
hibition of terminal differentiation of primordial cells 
located in the perichondrium or the peripheral zones 
of such cartilage. Such a "pro-growth" role would 
appear to be ideally suited to the EIIIB segment 
since, as mentioned above, it appears by immun- 
ostaining to be the most tightly developmen tally, reg- 
ulated component of FN, 

• Bright staining by anti-EIIIB antibodies was also 
present in the endothelial (Descemef s) basement 
membrane of the adult cornea. This morphologically 
unique basement membrane is composed of a highly 
ordered hexagonal network which includes type VIII 
collagen (Kapoor et ah, 1986; Sawada et al., 1990). 
The staining produced in this structure by anti-EIIIB 
antibodies raises the possibility that inclusion of the 
EIIIB segment could affect the capacity of FNs to 
engage in interactions with specific collagenous ma- 
trices or collagens, e.g. type VIII. A characteristic 
roster of collagens (types II, IX, X, and XI) is also 
known to assemble in hyaline cartilage (Thomas et 
al., 1994). Among these, type X collagen has the ca- 
pacity, at least in vitro, to form hexagonal matrices 
(Kwan et al., 1991). Thus, it is possible that two of 
the adult tissue structures (hyaline cartilage and De- 
scemet's membrane) in which we have detected a 
B + A~V + pattern include hexagonal networks of col- 



lagen. Higher resolution analyses of the disposition 
of the EIIIB segment in relation to such ordered ma- 
trices, as well as in vitro analyses of the interaction 
between specific collagens (or collagenous matrices) 
and EIIIB + FNs, should offer opportunities to assess 
the relevance of this segment to FN-collagen interac- 
tions. 

The anti-EIIIB antibodies used in this study pro- 
duced nonspecific N-glycanase-independent staining 
at the periphery of mouse RBCs, thereby creating the 
potential for deformable red cells in the microcircu- 
lation to generate "ring" and/or tubular staining pat- 
terns. Such patterns might be expected to be particu- 
larly evident against the "dark background" of 
densely cellular tissues, such as muscle and brain. 
Therefore, we have reported instances of N-glyca- 
nase-independent capillary-like staining patterns in 
such tissues with qualification (Table I). Neverthe- 
less, authentic N-glycanase-independent staining of 
capillaries does appear to be present in the central 
nervous system. For example, in the choroid plexus 
anti-EIIIB antibodies produced distinct staining of 
capillary walls, while at the same time failing to pro- 
duce lumenal staining (Figure 8). In contrast to cap- 
illaries, larger brain and meningeal blood vessels 
were stained by anti-EIIIB antibodies in an N-glyca- 
nase-dependent manner, suggesting that the walls of 
specific central nervous system vascular structures 
might be characterized by EIIIB + FNs in differing 
states of N-glycosylation. 

The B + A + V + staining profile that we have ob- 
served in the vasculature and meninges of the adult 
brain is similar to the pattern produced by segment- 
specific antibodies in the brain of the mouse embryo 
(Peters and Hynes, 1996, this issue). Thus, despite 
reduced staining intensity in the adult (compare Table 
III, Peters and Hynes, 1996, with Table I, this study), 
we have not detected "wholesale" changes in the ex- 
pression of these segments in the brains of adult ver- 
sus embryonic mice. This agrees with the observa- 
tion, made at the mRNA level, that the developmental 
downregulation in expression of the three spliced 
segments of FN is less pronounced in the brain as 
compared with the other organs in the rat (Pagani et 
al, 1991). 



Material mav hp nrrki&r.i&fi hv rnnvrinht law /Titlp 17 I I 5^ HnHp^ 



FN ISOFORM DISTRIBUTION IN ADULT TISSUES 



145 



Tissue Distributi n of the EI11A Segment 

Among the isoform-specihc anti-FN antibodies used 
in this study, those recognizing the EIIIA segment 
were observed to produce the most intense and wide- 
spread staining of blood vessel wails. Such staining 
was present in vessels of all sizes, ranging from the 
largest conducting artery (aorta) to capillaries. Partic- 
ularly prominent staining was detected in structures 
conforming with non-fenestrated capillaries within 
striated muscles, in which anti-EIlIA antibodies 
showed substantially greater recognition of the mi- 
cro vasculature than of the endomysium, despite the 
presence of FN at both sites (Figures 1 and 5). Con- 
versely, fenestrated capillary structures in the renal 
glomerulus (Figure 3), anterior pituitary, and adrenal 
failed to stain. However, in other cases (pancreas and 
thyroid), anti-EIIIA antibodies stained structures that 
appeared to conform with fenestrated vessels. There- 
fore, no clearcut segregation of EIIIA + FN expres- 
sion according to the presence or absence of capillary 
fenestrations appears tenable. Also, as was observed 
in the mouse embryo, tissues lacking capillaries, in- 
cluding hyaline cartilage and Descemet's membrane, 
also lack EIIIA + FNs. This implies that A + isoforms 
might be generally incompatible with an avascular 
millieu (Peters and Hynes, 1996, this issue). 

The observation that EIIIA + FNs are widely and 
preferentially expressed in the vasculature of the 
adult mouse suggests that they might constitute spe- 
cific, and possibly necessary, components of the 
ECM within blood vessel walls. Several developmen- 
tal and functional studies have previously implied 
such roles, both in the formation and maintenance of 
vasculature. For example, EII1A + FNs are heavily 
distributed in the walls of blood vessels in the early 
embryo (ffrench-Constant and Hynes, 1989; 
Glukhova et al., 1990; Peters and Hynes, 1996, this 
issue), during which time FN is essential for proper 
development of the cardiovascular system (George et 
al., 1993; Georges-LaBouesse et al, 1996). Likewise, 
in adult animals EIIIA + FNs have been found to be 
overexpressed in the walls of blood vessels at sites of 
vascular injury and vessel wall . hypertrophy 
(Glukhova et al., 1989; Samuel et al., 1991; Hosoi et 



al., 1993; Dubin et al., 1995). Conversely, intravascu- 
lar release of soluble EIIIA* FNs has been shown to 
parallel real-time parameters of acute vascular injury 
and dysfunction, as might be expected of a compo- 
nent that is intimately linked to the structural integ- 
rity of the blood vessel wall (Peters et al., 1986; 
1988). 

The diffuse interstitial staining produced by anti- 
EIIIA antibodies in the adult lung is consistent with 
previous analyses of steady state levels of FN mRNA 
in rat and human tissues, in which substantial devel- 
opmental regulation of the EIIIA segment was ob- 
served to occur in liver, but not the lung (Oyama et 
al, 1989; Pagani et al., 1991). Our findings are also 
consistent with the observation that FN extracted 
from adult rabbit lung is larger in molecular size than 
rabbit plasma FN (Peters et al., 1986), and is recog- 
nized by anti-EIIIA antibodies in Western blot analy- 
sis (J.H. Peters, unpublished). While it could be ar- 
gued that these findings might simply reflect high- 
level expression of EIIIA + FNs in larger pulmonary 
blood vessels (see Figure 3, second row), such a re- 
stricted pattern of expression could not account for 
the observation that acute injury to the lower respira- 
tory tract causes rapid release of soluble EIIIA + FN 
into the lung airspaces of the adult rabbit, without 
evidence of corresponding vascular release (Peters et 
al., 1988). The alveolar interstitium would appear to 
constitute the most likely source for such release, and 
this study provides evidence to support such an ori- 
gin. 



Tissue Distribution of the V Segment 

In this first survey of the distribution of V + forms of 
FN in adult animal tissues, we have noted several 
instances of qualitative and/or quantitative differ- 
ences between the staining patterns obtained with an- 
ti-V antibodies as compared with the other two seg- 
ment-specific antibodies. For example, among the 
three antibodies, those recognizing the V region pro- 
duced the most intense staining of a reticular network 
of fibers in lymph node and spleen. Anti-V antibodies 
also generally produced bright staining of epithelial 
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BMZs and their immediate subjacent connective tis- 
sues, whereas anti-EIIIA or anti-EIIIB antibodies typ- 
ically produced little staining in these areas. Epithelia 
showing prominent V + BMZ and/or subepithelial 
staining included the cornea, skin, tongue (Figure 4), 
esophagus (Figure 1 ), trachea, stomach, intestine, gall 
bladder, vagina, uterus, oviduct, and urinary bladder 
Thus, among the segment-specific antibodies, those 
specific for the V segment produce the most promi- 
nent BMZ staining in both the embryo (Peters and 
Hynes, 1996, this issue) and in the adult mouse. 



Comparisons to Previous Studies 

There have been several previous analyses of FN 
mRNA splicing patterns (ffrench-Constant et al., 
1989; Oyama et ah, 1989; Pagani et aL, 1991; Mag- 
nuson et ah, 1991; Jamagin et al.; 1994) as well as 
protein isoform distribution (Vartio et al., 1987; Bur- 
ton-Wurster and Lust, 1990; Laitinen et al., 1991; 
Glukhova et al., 1989; 1990; Carnemolla et al„ 1989) 
in adult tissues. While our study is frequently consis- 
tent with these previous reports regarding the distri- 
bution of EIIIA + FNs (e.g., absent from cartilage and 
liver, present in kidney and brain), we have observed 
qualitatively different anti-EIIIA vascular staining 
patterns in comparison with those reported previously 
for human and rat aorta (Glukhova et al., 1989; 1990) 
as well as human skeletal muscle (Vartio et al., 1987). 
We have additionally noted a more diffuse pattern of 
staining for the EIIIA segment in the lung paren- 
chyma than has been alluded to (Kuhn et al., 1989). 
Likewise, in the one previous immunohistochemical 
survey for EIIIB + isoforms in adult human tissues, 
only synovia, myometria, and some small ovarian in- 
terstitial blood vessels were reported to be positive 
(Carnemolla et al., 1989). Our observations are con- 
sistent with this latter report regarding synovium, 
myometrium, and ovarian blood vessels. However, 
we have additionally detected staining for the EIIIB 
segment in choroid plexus, meninges, esophagus, 
large intestine, urinary bladder, vagina, endometrium, 
oviducts, the walls of certain medium and small sized 
arteries, hyaline cartilage, and the eye. 



The above-cited discrepancies could arise from a 
variety of factors, including species differences in FN 
expression, age differences between animals (we 
have analyzed relatively young mice), differences in 
antibody sensitivity, differences in epitope masking 
(potentially a greater problem with monoclonal anti- 
bodies), and epitope modulation on the basis of FN 
splicing (Carnemolla et al.. 1992). With respect to the 
last point, the previous analyses of the tissue distri- 
bution of EIIIB + FNs relied upon a monoclonal an- 
tibody (BC-1) which recognizes an antigenic deter- 
minants) in the constantly expressed seventh type III 
repeat of FN. Although evidence suggests that the 
BC-1 epitope is revealed only in EIIIB + conformers 
of FN (Carnemolla et al., 1992), characterization of 
this antibody will remain incomplete until the effects 
of inclusion of the EIIIA and/or V segments upon its 
recognition of EIIIB + FNs is tested. On the other 
hand, given that inclusion of the EIIIB segment can 
affect the conformation of a constantly expressed re- 
gion of FN, then it seems reasonable to suspect that 
such a change in splicing might also affect the expo- 
sure of epitopes located in another spliced region. If 
this were the case, then the inclusion status of one 
alternatively spliced segment of FN might potentially 
regulate the immunologic detection of a second 
spliced segment. 

In summary, we have found divergent tissue stain- 
ing patterns for the alternatively spliced EIIIB, EIIIA, 
and V segments in the adult mouse. We have also 
found substantially wider spatial patterns of distribu- 
tion for these segments than previously documented. 
While the functional significance of these findings 
remains uncertain, the heterogeneous patterns ob- 
served in this study strengthen the contention that the 
three spliced segments of FN serve different func- 
tions, possibly involving interaction with distinct 
ligands, in various adult tissues and organs. 
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